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PREFACE. 


Tnis objoob of tho present work is to provklo a popular guide to the study of tho sky 
by furnislii ng a summary of our present knowledge of tho Solar system, a guide to 
the positions of tho planets for the first half of the present century, a scries of star 
maps, some examples of the flnest aohiovoinonts in tho art of drawing and photographing 
celestial objects, and a list of interesting objects which may bo observed witii small 
toloacopos, 

In tho text will bo found a desoriptivo account of tho plates, and of tho methods 
of using the maps and tables, It is, however, desirable to dj’aw attention in this plnoo 
to certain oh arao tori sties of the work, and to make my acknowlecigmonb to tho 
friends who have kindly assisted me. 

Ill 1892 I edited an atlas of the colestial bodies which has long boen out of print, 
Though this atlas boro my name yob as explained in the preface it was largely due 
to my friend Dr. Bambaut, Tlio question of a now issue of the work having arisen, 
it was cloomcd bottor to .re oast the book oomplotoly, and tho present volume is the 
result. 

Tlio star maps carefully drawn by Br, Bambaut having boen oorrooted for tho 
changes obviously required by tho lapse of 12 years have been retained, so have also 
tho maps of tho Moon, drawn by the late Mr, Rigor, 

But tho advance of Astronomical portraiture has rendered it necessary to 
supersede most of tho remaining plates by now matoriah This has involved so many 
changes in tho text that tho book is substantially a new one, and is now arranged in 
such a manner as may, I hope, ontitlo tho book to bo called a Bopular Guido to tho 
Heavens. 

Tlio map of Mars is reduood from tho largo map made by Mr. A. R, Bouglass, 
published in Volume II, of tho Annals of tho Lowell Observatory. 

The drawings of Jiipibor on plate 9 have boen oopied from Br. 0, Lohso’s obser- 
vations, in the third volume of tlio ABtrophydldiBcho Observatorimi at Botsclani. Tho 
drawings of Jupitor's satollito aro from a paper by Professor Barnard, published in 
tho Monthly Notim of the Boyal ABtronomical Sooiety, Tho drawing of Saturn, plate 
10, by Professor Barnard, is roproduoed from a drawing also published in tlio Monthly 
Notim, 
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The photograph of the groat sunspot of 1898 September ia reproduced from a 
photograph taken at theUoyal Observatory, Greenwich, for which I am indebted to 
the kindness of the Astronomer Iloyal. 

The drawings of the Solar Prominoncoa on plate 12 are from a paper by Herr 
Penyi, in the AHroph^sioal Journal ; the picture of the Solar l^ro ini nonce photographed 
by Professor Barnard is from the report of thoYerkos Observatory Eclipse Expedition 
to Wadesboro*, XJ»S, A,, published in fclie same journal 

The map of the paths of Solar Eclipses, 1901-19o0, has been prepared from the 
series of maps in I)i\ Oppolzer’s groat work, Canon der Finsier^iissQ, 

The photographs of typical Solar Ooronco on plate IG aro selected from the 
series of Eclipse photographs brought togothor by the Iloyal Astronomical Society. 

Plato 17, the drawing of Donates Oomot, by the late Professor Bond, ia from the 
splendid volume of observations of that comet in the Aiinals of tha Ilarmrd College 
Ohwvatory, 

I am indebted to Professor Barnard for the use of the oomot pliotographs in plate 
18, which are soloctod from the series of his photographs published by tlio Iloyal 
Astronomical Society. I owe to him also the photograph of a region of the Milky Way 
in plate 81, taken from the same scries. 

For the permission to reprodiioo the two oomot pliotographs of plate 10, I must 
thank the Astronomer Iloyal of England and the Astronomer Iloyal at the Gape, 
vospoctivoly. 

I am greatly indebted to Professor Halo, Dirootor of the Yorlcos Observatory 
of the XJuivoraity of Chicago, and to Mr, llitohoy, Astronomer at that observatory, 
who took tlie photograplis, for permission to use tho throe photographs of the Moon, 
plates 20, 21, 22 ; tho photographs of tho nobuho in Orion and Andromeda, plates 73 
and 17, and Die drawings of tho nobulm round Nova Persoi. Tho photographs of lliat 
slur and of tlie region in which it appeared I owe to Mr. Stanley Williams, of -Brighton. 

T!io late Mr. W, E. Wilson had kindly allowed mo to use the photographs of the 
Cluster in Hercules, and of tho nebula in Oygnus, forming plalo 75, which were taken 
by him at his observatory at Daramona, oounly Wostmoath, '[I'o Professor Campbell, 
Director of the Lick Observatory, I owe permission to reproduce tho three photo- 
gra)ilis of tlie spiral nebula in Canoa Voiialici, Iho lling nebula in Lyra, nnd the 
IDumh^boll nebula in Vuipecula, made with the Crossloy Ilellootor by his lumen tod 
predecessor, Professor J, 1C. Keel or, 

Plato 80, of tho Pleiades Cluster, is taken from a photograph by tho brotliors 
Honry, published in a report of tho Paris Observatory \ and for tho photograph of tlie 
nehiilftj in that cluster I am indebted to tho late Dr. Isaac lloberts, of Crowborough, 
Suissex, 

The drawings of the Comet, 1910 (a), and of Halley’s Comet in 1910, ro]>roduood 
in the Frontispiece, have boon kindly drawn for mo by Mr. T. E. Key. 
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Tho worlc involved hna beon vory onorons, and I ooiilcl not Imvo imderiulcoji it, 
I not been so fortunate as to have liacl the aid of Mr. Arthur Hinks, M.A., Cliipf 
isfcanb at tho Cambridge Observatory, To Mr. Hinks I am inclobtod for llm 
otion of many new plates, as well as for tho preparation of niucli of tlic» U»jst 
ch accompanies them. I would like to record my thanks to him for all Ills » kill 
zoaL 


AMnninoT?, 

Juno \S(h^ 1910, 


ROBEUT S. BALU 
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CHAPTER 1. 


Plates 1 <fe 2. 

n CELESTIAL SPHERE, THE SEASONS, &c. 

save in tlio diagram what caimot properly be figured, 

The celestial m t Te 

throii;;!! thfi mitrcs of tlio Siiu '^Tniih I'’'”'® ffliicli paaaoa 

.olo-tW .„l»re 1. ,.„-o.rdS.lll" SS ’‘“V rf"'' •“ ‘k* 

S:?™; :w;,::{“r;,f“E{ 

cdilitlo, .,,,,n„„.|,„ ,1,„ „,|,„i„, j„„‘ „d 2»‘Vn“'uio vrir'!’' "'■™® "'?"“ “” 

is turned towanls tile «“> '''^’^rth 

ti""">; '"'""I 11,0 „,"S ,”L " ““*' 

00 ,.*, t". - -> «» 

declination, and eorrespmuls to north or aoutli Intitn*?” r ' quatoi is called north or south 
for one co-ordinate. ll oth r, it 1 'I’'‘i« 1-vides 

Karth ; and as the longitude of a place is ■ v^’ to longitude on 

through the, (.uTestriai lades aiul thriuS, '”f>'>d>an on the Karth, which passes 

so Light Ascension in the sky is measured from uamoly (Jnsenwich (,)bservatory. 
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the first point of Aries and of the object whose position is to be (U'fiiu-d. l)(‘clinatinn Ls 
expressed in degrees of arc, because it is usually measured by graduated tiindes so <lividcd «»» 
the instrument. 

For iurther account of the subject of the measurement of positions on the celestial sphere, 
the student must be referred to the text books of spherical astronomy. 


THE HORIZON AND THE ZENITH, 

An observer upon the Earth is debarred by tho Earth itself from seeing mon‘ than one 
half the sky at once. The plane which touches the Eartli at point where he stands, 
produced all ways to meet the celestial sphere, cuts it in the grtsat. eirchs which is his erh'.-tial 
horizon. When the observer is looking over the sea, his visibh* horizon is, owing to the 
spherical shape of the Earth, depressed below the above, detimal c<‘lt\stial horiznii by an 
amount which depends on the height of the observer aliovc sea lev<‘l. This depr^shrm is 
called the “dip of the horizon,” and must be taken into aceount when altkudeH «»1 a hoas«mly 
body are measured from the visible sea horizon. In otlier worils, the cc‘l«‘stial lioriZ'»n is sac' 
from the zenith, the point vertically above tlio observer ; the visilile sea horizon in uiore tluiii 
90°, and the observer can by this amount see more than Iialf tlu^ sky, 


REFRACTION. 


The effect of the layers of air through which light must pass on its way lo 

the observer upon the Earth is to raise the star apimrently al)ov(‘ its real position, Tin* I'llert 
of refraction is sometimes very obvious when eitlnw the Bun or Moon is cloflr* to tint liofi/»»ii 
in a flattening of the solar or lunar disc. The chxser a boiiy is to tin* hori/.oii, tlm umri’ it nl 
raised by refraction ; the lower limb of the Sun is conHe<|iiently m\nm\ inort* fimij lin* u|»|«:rr, 
with the result that the Sun appears no longer round, but liutteneil. 


On the horizon a body is apiiareiitly rnined tbf of m* are. 


At an 

elevation 

of 1° 
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Above of elevation the refraction is moasuroii hy KPcim.iH i»f nr>* iiloiif iin.l 
less and less till it vanishes at the zenith. 




DIURNAL PARALLAX. 

It is clear that when a celestial body is viewed from a point on tlie FmWh u 

cannot generally appear precisely in the same dire^^tion as it wmdd if if omilfl bo vioiiod u 

the centre. The difference is named Diurnal Parallax. Owiits t« tl.n mnhII «i/.. „r »)„. 
aud the vast distance of the stars, the, Diurnal Parallax of stars is alm..lut..lv \\ „ i,’ 

the bun and planets, hoover, tho ease is differemt. Tho nearer the IkhIv t-. ihe h,ufh .1.-! 
the nearer to the horizon of the observer, tho greater tho elfect. lt|«u ‘ih,. M,.„« ,')i; . i 

IS quite large : when the Moon is just risiiiK it apimars lower ainmiK the thi,., ,1 w,.„M 
do from the centre of the Earth, by nearly a degree, or alsmt two dauae.ei. o, P,,. 


PARALLAX. 


the Earth, a star is occulted by the Ifoon at om f 
another, and, similarly, arhile at one Uce a tolfecw 'p 

eclipse may not even be partial. ^ ^ ^ ^ i® seen, at another the 


ANNUAL PARALLAX. 

■ 1 . 1 ^ „ /? . . 


Tx . r'-aKAL.LAA. 

^i'^eetion at different not be seen exactly in the same 

not even the displacement of 'the Earth by 1 Se’ooo 00^!!!!?'^^' 

But upon a certain number of nearer stars the eS f« Produce.? any sensible effect. 

positions relative to the more distant stare very sliitTvT «'eir 

called Annual Parallax. ^ slightly during the year ; and this effect is 

apparent daily rotation of the heavpmct 
RISING AND SETTING 

sees tliehoavinsaripmmltirioJatifj'^Xut^ upon it 

eiss r S" Z X- 

- «■. A star Iiearlr™ ofe ^ Supjo? h^^^ 

it never set, and is called A s u^^ thcTrix ; 

circumpolar; part of its daily cirL Jill 1 1 J, ^ ti'e pole will not be 

the star is from the pole, until for a star 180“-W“ ft 'l W f 

icnmmently be ow the horizon ; and in lat. 60» N this star JXu '' 

•ihe liguro in Plate 2, “atinaretit xi will never rise at all. 

the case of the Sun, and shows wl.ytlfedTJs are W 

IB nearer the north pole of the sky in In 1 J than in winter; the siin 

echptu; cut^tiui«|iiatcn' atacoiisiderableiuigle(i;^^^^^ for we have seen that the 

the hlarth, oovtJ^Jitran Vctl^rrototW that when a body like 

‘i>Hturbanee.s in the level of the oi, 

are caimeiniy the attraction of the tide produciim bodv Protuberances 

K -mnally, in line with it. On an earth whoso ocean is iniSiT nor indeed 

dal wavoH are much broken up and diskirbej ^ continents the 

c.xcocdmgIy complex. Owing to its vplnt;v/“’ ^ the tides becomes 

Bnialhie.ss the Aloon is a much more efficiei t tide nr^’ueT “°^'“ter-balancing its 

riui figure at the top of the Plate L the Sun. 

At New Alooiiaiid Full Moon the tides raised semrare/ l expressions spi-ini, and nmp tides, 
an oxeeptmimlly high tide is produced, whiS is cS «»“8pire, and 
'd the Mo„„, the Sun tends to prodre b^J t J ^ ^““t orlast qum-ter 

produce high water, ami the result^ a smai or ILup Ja'“ “ 

rm ■ SIGNS OF THE ZODTAp 

mtotwelve1iXo?s*!;;”S^^ divided by the ancients ■ 

cui, Which took their names li-om the principal 
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constellations along the zodiac. Thus, starting from the Venial Equinox, the first sign was 
called Aries, the second Taurus, and so on. The gradual change in the position of the 
Equator and Equinox, due to precession, has thrown hack the Equinox into the constellation 
Pisces, and displaced all the signs of the zodiac from the constellations whose names they 
hear. Nevertheless the old names are retained, and tlie student must he warned against 
possible confusion. When the Almanac says Sun enters Aries ; spring commences, ’’ a 
reference to the star maps will show that the Sim is still in Pisces, and will be for a month 
We must distinguish, therefore, the names of the constellations from the same names applied 
to the signs of the zodiac. 

The Signs of the Zodiac, with their symbols, are given in the following table. Counting 
from the Tenial Equinox we have— 

0® to 30” ... 0. r Aries, 180” to 210” ... VI Libra. 

30” to 60” ... 1. a Taurus. 210'’ to 240” ... VII m Scorpio.^ 

60” to 90” ... 11. H Gremini 240” to 270” ...VIII. I Sagittarius. 

90” to 120” ... III. 25 Cancer. 270” to 300“ ... IX. v? Oapn(U)riius. 

20“ to 150” ... IV. a Leo. 300“ to 330“ ... X. Aiiuarius. 

150” to 180” ... V. ""K Virgo. 330“ to 300“ ... XL Pisces. 

Plate 3. 

THE ORBITS OF THE INNER PLANETS. 

In the attempt to represent the orhits of celestial bodies on maps or charts, it irmst 
always be remembered that, except in the case of orbits wlfnL liiippcn t()lic in the same phuie 
it is impossible to depict on any drawing the verihible position of more tlian one. We are 
obliged to resort to some process of a more or less artificial character. For instu, uce, we take 
the plane of the Ecliptic, tliat is, the Earth’s orbit, as the plane of the papcT, and then we 
simply lay down on it the orbits of the other bodies, notwithst-anding that tlunr phimss nvo 
inclined to the Ecliptic. The points in which the real orbit pasHc-s tlirmigh the, plami of 
representation are called the Fades, the ascending node being that nt which tlu', i)lanct passe.s 
from the soutluTly to tlumiortherly Bide of the plane. Eiudi orbit may cnmanvi'd to be 
turned around its line of nodes till its idano coincides with tlu^ Eidiptic. it is tliiw that 
Plate III. is produced. X 

The ])5ith wliich (ivery idanet 
describes is an ellipse, and the 
Sun is situated ill oiicoftlu', two 
foci of th(‘. ellipse, S or H. The 
longest diameter of the ellipse, 

P A, which passes through the 
two foci, is ciallod the rnnjor 
axu ; the diameter X Y, at 
right angles to it, is the minor 
axu, arid the two interse(5t in 
the centre, 0, of the ellipse. 

The points A and P are tlie 
A } m da 0 f tl 10 ell i psc , W e will 
8upi)ose the 8uu is in the focus 
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’’■f describing, under its attraction, the ellipse 

ot the Mbit the point A, farthest away, is the Aphelion. The half maior axis O P xvhieli 
IS also equal to the distance S X, is called the mean d. stance. Th rS < f O S^r?o pT, S 

' ““rfr “f iit ’*■ "" « 

iJic wlttts of the more important planets all have small eccentricities. 

It will be convenient to give here the symbols which are in use for the Sun Moon and 
I lanots, ami certain other signs used occasionally in this work. ’ ■ > - 

Mieplamtion of Astronomical Symbols ami Abbreviations. 


O 


The Snn. 

The .M'oon. 

^ .Mercury. 

9 Venus. ‘ 

© or 6 The Earth. 


h 


Hours. 

J\Iinutes of Time. 
Seconds of Time. 


6 

■ % 
h 

T 


Mars. 
Jupiter. 
Saturn. 
Uranus. 
Neptune. 


Degrees, 
Vlinutes of Arc. 
Seconds of Arc. 


Conjunction. 
Quadrature. 
Opposition. 
Ascending Node. 
•Descending’ Node. 


N. North. S. South. 

. , E- Bast. W. West. 

Mercury, Vcmis, Earth, Eros, and Mars are represented in this 
1 1 0, ami tor il mstrating the use of it we take the orbit of Mercury. Tfe S A is tlm 
AplKlum vvlicre tlie phmet i.s most distant from the Sun. The iie.xt point marked h the 

rff -“T PM:)er. the incltoatiL 

1 i h ^ “’"^dete revolution tliis planet mquS 

a pciiod ol a7J(),) diy.s. Similar remarks apply to the other orbits. Thus for instancA 

d^T’ *Tf “’p'","'’? revolves in the period of 686'96l 

days. Its Periliehon i.s marked P, and Aphelion A, the Ascending Node k a 

Heluuit,ou.sr r,r. Tlie inclinations of the cometary orbits are giv-en hi the Sdi' 1 at 

Ow'et 'r'iHpr^' drawn, Biela's Comet 

Co i et J ISM, and Comet HI, 1862 . The.se have been chosen becau.se they misst the 

. dclitiomil iiitenwt ot be, mg the paths of the three chief meteor swarms. The fanmiis showers 
ol Eiumids which used to appear about November IStli, in magnificent displays every TJ 
years, niove m tlie track of Comet I. 1860. The <‘Androme.lids,” or meteors of Noveml" 
.| tli have the same orhit as Iliola’s Comet, and the “Perseids” pursue the course of Gmuk 
.... >-. In tho case of each of the oometary orbits the Eescoiuling Node lm» been marl'id 
on the Plate, as , t.s at this Node that the Earth meets tho associated incteor linn 


Plate 4. 

THE ORBITS OF THE OUTER PLANETS. 

cl.. that of Mars, for those belonging to planets still 

5» I-" •'>»™ i” « «s«r.. »f u,„ ..i ’S" 
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POPULA.E G-UIDE TO THE 7XEAVRNS. 


N'ext to Mars comes the zone of miuor planets, of wliicli more than 500 are now known, 
while some twenty or thirty new ones arc disco-vored by photography yearly. Their orbits 
are tangled m a way impossible to repiesent otherwise than conventionally in a figure of 
small size. They exliihit great diversity of eccentricity and inclination to the ecliptic. And 
the task of keeping up the computation of the places of this fast growing family of tiny 
jilanets is becoming almost beyond reasonable iiossibility. In our figure the innermost repre- 
sented is Medusa, with a period of 3*12 years ; the oxitcrmost Hilda, with a period of 7 'DO. A 
later discovery, Adalbcrta, lies closer to the Sun than Medusa, with a ])eriod of 3*01 years ; 
and Thule, with a period of 8*86 years, lies considerably farther out tliaii Hilda. 

Beyond the zone of minor planets lie the major planets Jupiter, Saturn, Uranus, and 
Heptunc. 

On this Plate are also represented the orbits of several interesting comets belonging to the 
Solar System. The Oomet of Enckc has the smallest orbit of any known comet, and it is 
especially interesting because of the somewhat irregular and uiicx])laiiic(l aocudcratioii to wbuh 
it IS subject. There is room on this Plate to show the oibit of IhchpK Oomet, part of wliioh 
was shown on the i)rcGeeding Plate. 

Halley’s Oomet is the only periothc comet which makes a sjdcndid ji])pt'aran(io ; the 
others arc all small, many of them almost insignificant objects. But J I alley’s Comoi on its 
last return had a nucleus as bright as a first magnitude star, and a tail twinity-fivo degrcM^s 
long and its next return in 1010 will bo awaited with very groat interest. 

A portion of the orbit of the Comet of 1882 is shown on account of its remarkal>l(‘ nature. 
The comet passed so close to the Sun that it almost grazed, and it swung round 180® of its 
orbit in the space of three hours. 

A remarkable relation, liitherto nncxplained, eonnoets the disi-aiicx's of the various phuu'ts 
from the Sun 

If wo write down the senes of numl)crH - 

0 3 6 12 21 ‘18 .% 11)2 384, 

and add 4 to each, we have 

4 7 10 Id 28 52 100 1% 38H. 

The first four are very nearly in the iiroportion of tluMilshinees from the Sun ofAh'rcniry, 
Venus, the Earth, and Mars ; 52 and BK) ropniKout otpinlly wcdl the of Jupit(‘r and 

Saturn ; the intenaodiato Ho. 28, which stands for iln^ averag(^ minor actually HUgg<wt(‘(l 
the search for them ; when IJramiH was disc(>v(*red, it was found to fit UK) ; and wluui 
there was a suspicion of a planet beyond IJraiuiH, it was jiHHmu(‘d Mint its dish uice w( mid be 
nearly represented by 388. But it is not ; 3UD is the real iiuinlaa*, and licre ihi^ rule, whiidi 
is called Bode’s law, breaks down complehdy. 
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roPTJLA.li cuiDP rp iin iiiamns 


Recent measures have given the following 
Ceres 
Pallas 
Juno 
Vesta 


di unctcrs f 01 llu foiii ju nu ipi I niiiini plimts — 
IM) niihs 
500 „ 

liio „ 
t>I() „ 


Platp 6 

PHASES OF THE PLANETS AND OF SATURN’S RINGS 

This Plate exhibits the appearances of the ])luuis Mas and S dnni 

Dccupying different parts of then orbits Arcfoienccto PI il( 5 inuki s it i h ai tli it tin dt t nn « 
betweeiitheEarthandMirsmust\arycoiisKluabljr itditlciiiitditM, lu.irdin Motlu pn iHun^ 
which the bodies occupy in their paths iroimd the Sun 01 <ouik<, if tin oi hits win imfli 
3 ircular, it IS clear that the greatest possible H(])uiti()n Ixtwiditlu tvvu hndn * \\(uiO| 
ittamed at every that is to say, wlienovct (lit h nth, Sun, indl’linit in m v 

straight line (at least, in then projected orbits), the Kuth uid PI iik i Im 111*4 it uppi* it» tih -i 
3 f the Sun The same dia^jram makes it pliin ih it tin Ii isf <Iist im ♦ ipiiit wnuld « m it 
wery opposition, that is, whenever the three bodies, as u pu S( uti d in (lu n ptop ( tni mi 
vere in a straight line, with the Eaith in the muldk 

The eccentiicity of the oibit of Mars cousulci ibly inodilK s tlu t ih mint ui< 1 If \\i I 
leen, by leteiimg to Plate 3j that an opposition 0 ( <111 uiig in tin* littuliult ni tin imi will 
[enenllybe more favourable (i 6, bring the two bodu s i Iini togi (Ik 1 i thin miu m tin in t 
lalf of the year, and that the most favoui ihk opposition li ip[M ns win n tin 1 n ( Ii und Id un t 
ire situated in about 333® longitude On tin otlui Inind, in (ipjiMi ilnm onunni' in 
ongitude 163® will be as unfavourible as possibk Tlu I* ut li h loii^itinh on \n mi ( %tU i < 
133®, andon Febniary 22 nd it ib I')?®, liciicc tlio moM ti\oui d»l( «»j>|»MMlinn nl Mu will 
ccur on August 26th, and the closer to that d it( the opposition li ippi u ^ tin )u 1 1 « 1 Tin him ( 
nsuitable oppositions are about Febiiniy 22 u(l 

The greatest distance atwhichtlio two planets (in possildvbu Mpuitid h ittiund 
rhen the Eaith’s longitude IS 333^ and that of Mais , tlmt m tn ni, wiuii nuiouf tn 
ccurs about August 26th 

Figures 1 , 4, and 6 , m the upper pirt ot the left h iinl poilion ot riaf< f , a f\i ton 
slative apparent smes of the planet— at most f ivoiu ihl< opiiot-utuui ( Vii mi i MUni tf if ,u 
ivourable opposition (February 22 nd), and at iIh gnatest po sihh d, t iiu .* Ih , \ 

lustrate the advantage of an opposition occii rung floiiiiwluu lu u tin* i ud ot Vu*n t wUui 

le appearance of the planet is to be studied 

When the lines from the Sun to the Edith ind the Sun to thi‘ PI uu t m u t odif ui li < 
le Planet IS said to be A vcrydiHtimt plianiMH flun piiu juuih nt Mu l*v 

hich about a quarter of Its diameter IS cut oft The ippi u iiuos of tlu plimiai i\* mii 
ud eastern quadrature, as shownin an mveituig tel(-»iope, and tlu ipputnt im* fU 
lanet on the same scale as the other hguns, isalsogiviu Por tii* to|i*Hi|»liv mI tiu n) tot 
le reader may refer to Plate 8 As to the times and himhoih fox ohat um ^ M u mu it » \ u\ * 
g aspects, reference may be made to the Index to J^lauetn, v/* pig^ < is uul I j 

Smoe the ortot of Terns lies inside that of (Im KmtlMho ipiM.ir.iii., . jl.n 
ffer coMiderahly from those of m cxtenoi planet likt M uh Km .iI.s iiai , ||, ,t , 

iproachofthe two bodies Will occur at tn/e 7 io} (o/i/uw/ton, 01 when \ uuw uidtbo I oib 


PHASES OF THE PLANETS AND OF SATUEN's KINGS. 

are on the same side of the Sun j and that the greatest distance between them will oc cixr 
superior conjunction^ or when the two bodies are at opposite sides of the Sun. It nt 

first sight, therefore, be supposed that at inferior conjunction the planet would be seen "best, 
being then apparently largest j and that it would be least favourably placed at superior con- 
jinuitiori. The relative apparent sizes of this planet just before inferior, and at superior^ con- 
junction arc shown in the lower part of the left-hand portion of this plate ; but since, it*, 'the 
former configuration, the illuminated part of the globe is reduced to a very thin crescent, 
since in both cases the planet Is enveloped in the Sun’s rays, in neither of these phases is it 
suitably situated for observation, 

Yenus attains its greatest brightness as an evening star about a month after its greatest 
elongation east. The greatest brightness of the same planet as a morning star precedes by 
about a month its greatest elongation west. 

The second figure has been drawn to represent the size and shape of Yenus when most 
brilliant-. The tliird figure exhibits the appearance of Yenus when situated at a distance of 4=0^ 
from tluf Sun in the further part of its orbit. In this position it presents a gibbous form. 
It will be seen, however, that the diminution of light caused by its increased distance from 'tb® 
Earth, more than compensates for the larger proportion of the illuminated surface visible, bo 
that, on the whole, the amount of light received from the planet is less than when it is in tlae 
posif ion corresponding to Figure 2. In the Index to Planets, p. 39, the method of finding bb.o 
position of Yenus for any date up to 1950 is explained. 

For tlie general dctriils of the planet Saturn reference may he made to Plate 11. In tliis 
phieo wo diseuBH only the varying appearances of the rings. The right-hand portion of Plate 6 
contains twelve figures depicting the different aspects which the ringed planet presents 
according to the position it happens to occupy in its orbit. In connection with the Table of 
Planetary Plienomcna, p. 38, this plate will enable the reader to determine with considerable 
accuracy tlio appearance of the rings at any time. If the opposition of Saturn occurs iii^ tbe 
multllo cf January in any year, it will be found that Fig. 1 represents the system. The rings 
are then opened nearly to their full extent, and the upper portion of the hall just extends be- 
yond the outer margin of the rings. If the opposition occurs in February, the rings will ^be 
found to have closed up somewhat, and to appear as shown in Fig. 2, If the opposition 
occurs in March, the rings will shrink almost to a straight line, as in Fig. 3. At oppositions 
occurring in April, May, and June, the appearances will be as in Figs. 4, 6, and 6, the rin^s 
appearing the more open the more nearly the date of opposition approaches June- 
Pigs, t—12, in a similar way, show the changes whicli this system will undergo at oppositions 
)ccurring in the latter six months of the year. 

It nmst, of course, be understood that the appearance here depicted for any month wHl not 
’ecur every year in that month, but will only be seen in those years in which the opposition of 
;he planet occurs during the month in question, and then only with accuracy at the date of 
ipposition. But, as Saturn takes a period of no less than 29 J years to accomplish its revolution, 
he alteration in its appearance will vary very little for several months before and after opposi- 
ion, BO that the figure for any month may be taken to represent the appearance of the system 
uring the year in which opposition occurs in that month. Thus, in the yea,r 1921, the Table 
f Planetary Phenomena teUs us that the opposition of Saturn takes place in March, whence 
fo learn that during this year the rings will be almost edgewise towards us. Again, m fhe 
ear 1028, opposition occurs in June, from which we infer that during that year the rings wxll 
e open to their fullest extent, and most favourably situated for observations. 
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Plate 5. 


THE SIZE OF THE PLANETS. 


Pliitc o lias Ik'C‘ii tirawu to show the relation tiiid actual siz(3s of tlie different planets <and 
of the rin,ii:s of' KSatuvn. The. detenu iiuit ion of the size of a ])laiiet in ruiles is by no means a 
siiupU'. nuiti.er. Firstly, it is necessary to measure the anjjculur size of tlie planets, as seen from 
the I'hirth, in secunds of are, and tliis iBatibeted by the phenomenon of irnidiatien by wliicli 
a hri,!^lit object apiinst a darlc baclcgromid looks larger tlnmit really k Also tln^ jihuu'ts 
IJninus and Neptuin*. ari' so far away and look so small that it is liard to nicasim^ Mienij a, ml 
it is still ([uite, uueer lain which is really the larger, AVo have therefore .shown tluiiii equal. 
When tlie angular diameters at a given distance have been Ibmid, we next require a knowledge 
of the Solar I^nnilliix, tliat is, of the angular rndius of the Etnlh as seen 'from the Sun ; tlie 
adopt(‘d valiio <»r this ([uantity is 8"8(). And, liiuilly, we recpiirc^ the diameter of. the Earth in 
mile.s ; lor this avo adopt (hil. (Jhirko’s latest value, V026*(] miles. 

'Wo eaii them tmlciilate the diameters tif the plauetB given below, and shown to scale iipx)!! 
the Idutc. The thiu's of axial rotation uiul the inclination of tlui plmiets’ cuiuator to the 
Ecliptic arc givtMi wluin they are known. 


Diainctar 

in 


Mcivury 

. ... 

3,000 

V’eiius 


7,700 

Earth 


7,026 

J\Ia,rs 


4,300 

Jupiter 

1 Eiinatorial 
\ Idilnr 

00,000 

84,000 

g.i f 1 n’i> 

J i’lquatoruil 

70,000 

^ u lu U 

\ Polar 

70,000 

U raiius 

... ... 

31,000 

Neptune 


31,000 

imensions o 

1‘ Saturn's rim. 

3S : 


Outiu’ radius of outer ring 
liiiiiu* nulius of outer ring 
Outer radius of inner ring 
inner ratlins of inner ring 
Ininr rudiiiH of dusky ring 


TiiritO of llolatiori. 

IJn known 
Unknown 

4*- 

24 ■ :i 7 n 
p m 

10 14 0 

Uiilniown 

Unknown 


liKslliiatinii of niiuabor 
to Etsliiitic, 

Unknown 

Unknown 

2 (i 21 
.6 

m 10 

Unknown 

llnlcnown 


Hfhooo niiles. 

75.000 „ 

7 ;koot) „ 
55,(100 „ 

44.000 „ 


All these diniimsioiis arc based upon a careful comparison of th(‘. most recent incasureB 
iuadt‘ with thegrtmt tt^ltw.opcH at Lick, Ybrkes, Washingtmi, and (Iretuiwich OhscrvatoricH. 
Uu‘, time of rot.alitm and position of the (a[iiutor of Mercuiiy, You ns, Uranus, and Ktptune 
arc unknown Ihm'uuhc of the want of delhiitcuniirkingH on tlmsc ]danclH. There is consider- 


abh^ reason to supptiso that the pcudotlH tif n)tatu>n of JVitU’tnuy luul Vluius are the sjiiuc as 
their pcriotls of rcvtdulion rtnind the Hun, naimly BB*G ntid 2247 days. In that ease, they 
wtuilil always lurii the Hiune face towanls the Bum If wt% aiHsiime, wdiicli is ]>rol)ubly true, 
that l.lm satelliUis of Urnnus and Neptune move nearly in the plum's of the. ihiuets’ e<iuators, 
then w<‘ may add to the last, columti for thoKO plimets, lOU and 1 15^’, the, inclinations being 
givcm givaterthanOO^ io conform to the to that the satellitt'S, luilike any otlwr liodics 
ill the Solar Sy.^tiun, move in a retrograde (lirectiou. 



jQ POPUI-AR GUIDB TO THE HEAVEN H. 

Thesepicnnes hare, asusuaJ, been drawn to represent the planet us m-u in an nati.-nomi.-. 
telescope which always inrerts the object, so that Figs. 3-8 exhibit the uiiia-ariiiiw .» I tli 
Lstem^when the northern face of the ring is tilted towards us so as to become vis.Iile, liil 
in ■Pimi I and 2 and 9 — 12, it is the southern side of the rings whieh is seen. 

S facilitate reference, a column has been added to the Table of riunetory i; lienoni.Mu 
n 38 to show which of the phases axe presented in tlio corresponding opposi loii, ho 
exan^ple, if the opposition is in October, the column alluded to gives the number o, wine, 
means that during the year in question the planet Saturn will present, when visible nt all. 

■nhase resembling that shown in Fig. 10 on Plate 8. 

At the times when the ring is seen edgewise tlie sciiueiieo of appearaiiees inay be ^er 
complicated. The ring may become quite or very nearly invisible Irmn any one of three eaiises 

(1.) The plane of the ring may pass through tlio Eiirtli, in whieli ease tlie ring m see 
exactly edgewise. And as the ring is very thin, its illuniiiniteil oilgo is nut brigli 
enough to be sqen, and the ring disappeare coiniikitoly in all teleseopim. 

(2.) The pifloft of the ring may pass between tho Plartli iiiiil tlio Sun, in whii-h en*e tli 
Sun is sbiniTig on the opposite side of tho ring to that whieli is presenfed, ver 
obliquely, to the Earth ; and in this case the ring is ulinost invisible, I'ven in greu 
telescopes. 

(3.) The plane ofthe ring may pass through tho Sun, in which cuho nciliicr niilo lii 
ring is effectively illuminated, and again it almost 

It is sometimes a matter of discussion how hig a ])liinot IooIck in a tt*lm*opn nf a give) 
magnifying power. By means of this Plate the qucHtion may he niiHwrriMl. Tim PliUi* i 
drawn to such a scale that if it is placed ten feet from tlic eye the ligiiroH nf the jilaiirUr; 
discs subtend the same angle as the planetsMmages tlionmolveH, at tlio plnoa 

would do when seen in a telescope which gives a magnify iug. power of BO diiuneti^m. 


Plate 7. 

SYSTEMS OF SATELLITES- 

This Plate exhibits the relative dimensions of tho orbits of the aysteins of imtrllita 
attending certain of the planets. With the exception of the system surrountlinff Mum, wliicl 
is on a scale twenty times as large as the rest, the orbits are all liiid down on a unirnrtn uriila o 
half a million miles to the inch. The periods of revolution of the Biitellitea aroiiml Uieii 
primaxies are also marked on the orbits approximately. More complete numorimi iiifomiiitioc 
than it Kas been found convenient to represent on the map is given iu the folbwiog Ublai. 


The Satellite oe the Earth : The Moon. 

Mean distance from the centre of the Earth ; 239,000 milai. 
Periodic time : 27 days, 7 hrs. 43 mins. 11 secs. 


The Satellites oe Maes : 

Mean distance from 

Centre of Planet. 

DiXi 

*irlo€l)e Time, 
hm tnltia 

•ift 

Phobos 

6,850 miles 

f .« 0 

7 

39 

u 

Deimos 

14,660 


1 

6 

17 

66 

The Satellites of Jupiter : 





V. (Hameless) 

112,600 


M. 0 

ll 

57 

33 

IL^(lL:opa) 

261,000 

416,000 

,, «». 

M. \ 

... Z 

IB 

13 

37 

13 

34 

41 

in. ({Jaiwmede) 

664,000 

,, i«« 

... 7 

3 

43 

33 

lY. (Calhsto)...; , 

1,167,000 


... 16 

16 

33 

11 



SYSTEMS OP SATELLITES. 


The Satellites op Saturn: 
Mimas... 

Enceladus 
Tethys... 

Dione ... 

Khea ... 

, Titan ... 

Hyperion 
lapetus 

In July, 1904, Prof. E. 0. 


117,000 

5» 

0 

22 

37 

5 

150,000 

)» 

1 

8 

53 

7 

186,000 

it 

1 

21 

18 

26 

238,000 

it 

2 

17 

41 

10 

332,000 

ti 

4 

12 

25 

12 

771,000 

5) 

15 

22 

41 

27 

934,000 

J) 

21 

6 

38 

24 

2,225,000 

tt 

79 

7 

56 

23 


Pickerinp: announced the confirmati 
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T’ ‘'“y w«utu««uion of the discovery of a ninth satellite of Saturn, 

WKBDe, first found on photoffraphs in 1899, Its period is about 1 j years, and its distance from Saturn about 8,000,000 


miles. 


The Satellites op Uranus : 



Mean distance trora 

Centre of Planet 

Days 

Periodic Time, 
hrs. mins. 

secs. 

- Ariel 

120,000 miles 

2 

12 

29 

21 

Umbriel 

167,000 „ 

4 

3 

27 

37 

Titania 

273,000 „ 

8 

16 

56 

30 

Oberon 

365,000 „ 

... 13 

11 

7 

6 

The Satellite op Neptune: 

(Nameless) 221,500 „ 

5 

21 

2 

38 


The satellites of Mars are a remarkable pair. The inner, Phobos, is tlie only satellite 
that revolves faster than its primary rotates. In consequence of this, it must rise in tl' e 
west, and set in the east. The outer satellite, Deimos, revolves in a period so little greater 
than that of the planet that it goes through all its phases twice between the times of rising 
and setting. 

The four well known satellites of Jupiter are almost always called by their numbers ; 
their names, which have almost fallen into disuse, arc therefore placed in brackets. The fifth 
satellite, discovered by Barnard in 1892, still remains without a name. Three additional very 
small satellites to Jupiter have been discovered by |)hotography. The latest of them was 
detected by Mr. Melotte, at Greenwich Observatory, and has a period of about four years, 
llecent measures liave given the following -values for the diameter of the four large 
satellites of Jupiter, and of Titan, the largest of the satellites of Saturn, 

1. 2,500 miles. III. 3,(K)() miles. 

IL 2,200 „ IV. ;j,300 „ 

Titan ... 2,900 railes. 

The diameters of the other satellites of our system are, for the present, beyond the reach 
of measuriunent. If wo measure the amount of light they reflect from the sun, and .make 
sDuie assumption as to their albedo, or light reflecting power, we can estimate roughly the 
probable diameters of the others. One finds that the Phobos and Deimos are probably about 
10 and 30 miles in diameter, the fifth satellite of Jupiter, 100. 


Plate 8. 

MAP OF MARS. 

The s('l(j(‘-tion for tliis work of a representation of the surface of tlm planet Mars is a 
matter of great didiculty. Observers of Mars are divided into two cam p.s -those who see the 
eanalh and those who do not. The former are in the strong position that tliey arc pe.rfcctly 
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sure that they see what they represent in their drawings ; the latter declare that under tha 
finest possible conditions of obserration, and with the most perfect instruments, they <*an nra 
nothing resembling the straight markings which are known as catials. And further, they 
bring forward experiments which make it clear that irregularly diapoao<l markings imi)orfe<al 3 r 
BeeUjgivetheeffectofstraightstreaks, by an optical illusion. The interest whicli has brim 
excited by the speculations based upon the drawings of these apparently artifitiial mark in gi 
makes it impossible to present a chart of Mars in whicli the canals are omitted. Wo ^ive, 
therefore, a reproduction of the chart of Mars made at the Lowell Observatory, FlagHtufii 
Arixona, by Mr. A. E. Douglass, from a study of all the drawings made there l)y vuritms 
observers during the opposition of 1896-97. At the same time it is necossary to givts the 
caution that some of the very best observers deny altogether the truth of this rojiroHcntutiun 
of the planet. 

Our difficulty is increased by the fact that there are two rival aystemH of ni>nmnehituro fur 
the features of Mars—an earlier system in which the so-called lands and aiMis are 
after modern Astronomers— Herschel, Leverrier, Dawes, <fcc., and a later, in which the luinivm 
are taken from classical geography and mythology. The later Byflt<*m «<>ema liktdy to 
prevail, and we have adopted it in the present work. It is useless to give a catalogim of Home 
400 names of markings whose very existence is in (lisputo. We confine ourselves thoreforo to 
naming some of the more prominent features, to which a number is affixed in the jiluto. 


1. Fastigium Aryn. 

2. Margaritifer Sinus. 

3. Mare Erythraeum, 

4. Aurorae Sinus. 

5. Ganges (Canal). 

6. Lunae lacus. 

7. Solis lacus. 

8. Sirenius lacus. 

9. Mare Sirenum. 

10. Eumenides (Oanal). 

11. Mare Cimmerium. 

12. Charontis lacus. 


13. Mare Tyrrlieiiiuni. 

14. Syrtis Minor. 

15. Syrtis Major. 

16 . CerboruH (( ^annl), 

17. Miiro learium. 

18. Edom promontorium. 

19. Hellas. 

20. AuHonia. 

21. Trivium (Jharontw 

22. OrcuH (Canal). 

23 . Pyriplilegethon. 

24 . Mare Chmuiinn. 


It should be understood that in the unsteady air of EnRland it ia aim.wt 
e.^ttoseemanyof Jefinerdetaik Not even in the most'fuvou;;!.!.. 
to he swn always, or^ at once. And much training of tho oyo is roiinir«.i l^foro it ia lit J 
decide for or against the existence of these details on the very verge of invisibility. 


Plate 9. 

JUPITER AND SATELLITE 1. 

Ow^ to the absence of permanent features on Jupiter it is not noulli)* ^ 
of the planei From year to year the position and bmiwlHi np n ”i *** * «na| 

tte surface change, and the shape and character of th* annf »,'* x'lts elimigu, the tintsi o 

stanoesthehestthatcanbedoneJtopresentdrawiniMoftliB^l^^ ***"“ ciitnitn^ 

features of more than average interest We therefors 


JUPITER. 
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in tlu- followiii,^' year it was the most conspicuous feature on the planet (Figs. 4, 5, 6)- 
isso and IHHl it c.hanged but little (Figs. 7, 8, 9, 12), but after that began to fade ; and at the 
prcHcnl, time it is visible only as an indentation or scar on the southern equatorial belt. It 
was evident almost from the first that its period of rotation was not the same as that of the 
averagn^ spot in the belt near it. These gained 22 secs, upon it at each rotation. And though 
ihe spot is more or less permanent its own time of rotation has changed by 6\ and for these 
fjicts no su,ti.sf5it*,ti)ry theory has been suggested. 

I’he satellites of Jupiter were the first discoveries made with the telescope, and tliey 
reinaiu tin*, most beautiful and interesting objects that a small telescope can sbow- Their 
<‘(‘lipses and occulta, t ions and transits over the planet’s disc are predicted in the 

by yt^ar, to which reference may be made also for the configuration of the 
Batel 1 it es each night. 

With a viM'y powi'rfiil telescope the phenomenon of the transit of satellite L is very 
curiously varied. Tlu^ tigurcs arc from drawings made by Prof. Barnard at the Lick Ob>serva- 
tory. It liad lunni uotiecd that when Satellite I. was crossing the disc of the planet, is 
Kouiftimes nppean'd double and sometimes very elongated. The drawings supply 
cKplaiintiou. 'riii^ satellite, not unlike its primary, has a bright equatorial region and darker 
poles. When it is projected upon a dark belt of a planet the former alone is seen ; when npon 
a liright belt the latter. Tlie drawing made November 19, 1893, shows the phenomena most 
iMJiupletcdy. The HateUlte was seen against the boundary separating a bright from a dark 
!«*lt ; Jiiid it was also [nirtly superposed upon its own shadow. It is scarcely necessary to add 
that, sinei! tla* wlioh^. apparent diameter of the satellite is little more than a second o£ arc, it 
reciuireft the liiuvst teh‘seope and skill to sec what is here shown. 


Plate 10. 

SATURN. 

We are iudelded again to ITofessor Barnard and the Lick telescope for the drawing which 
huB been eho..eu to iihiKtrato the appearance of the planet Saturn. Although spots are 
HniuetinieB ,‘'feii uptni tla^ planet, they are uncommon, and the surface markings are nsually 
nn nmre than a few vague, thisky belts ; the interest lies in the rings. ^ 

In loukiie.f at the plahi we must imagine the sun beliind us and a little to the left. Ihe 
Kliaih'W nf the liali in se(‘n iipon the rings (at the right hand limb) and the shadow of tlie lings 
i. tipnii the hall (aliove). The Cassini division was plainly visible all round, ’but the 
IJn'i.e diudon in the outer ring was not visible at the time; it seems to be a thin place in 
tise rin, : rather ihnti an m-ttial division. The dusky, or crape ring, showed steely blue agains 
Ihe diV ruid at its inni‘r edge was so transparent that the planet could be seen throxigh i . 
Whii.* It ioiin; (tie inner ring tliem is no division, but the two rings merge rapidly the one into 
iiie her.' d'he brightest, part of the whole is the outer edge of the inner bright ring. 

sinee this drawing was made the rings have opened out to their fullest exten^ and are 
now ( linn) idoHing in again an the planet approaches the interesting point in its orbit where 
the riitgH are HCtai edgewiKC* 








Transit of Satellite 1., and its shadow, 1833, NovT I9tt* 
showing the phenomena of bright equatoHai i>elt and dark 
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Pi AT IS 11 & 12 

THE SUN 

A \ery iinpoibint bi incli of tlio woiL of the Eoval Obseivitoi\, (Jioonwicli, is ilio duly 
lecoid, by pliotoi?! ipliy, of the iiumboi ind «ii7c of tlic «.pofs whuli ippc u upon the bull’s 
siiilid To iill the caused by cloudy we it her in Enghu<l plioto^u ijilis no tikui ilbo 
ni India nid Muiiitms, and are sent home to Guiiivmh, so tliut tin ic aiovciy Icwdiys in 
the >( 11 loi which then is no iccoicl The pxiipost ot tins continuous siuvcy of the Sun is 
to dc tiiniuu tlu laws which goTcin the chiiif,cs in the aie i uid iiositxon ol the spots It is 
well known tlut tk iiumbci ot si>ots leidies a nuMiunm iboutcmy (dcvtnyeais , tint it 
tk bc^^iniunj? of ou h lu w pciiod the spots aio foinul in hi„di( i Red u 1 ititiidis tb in it the did , 
Liid th it the u IS nil uiimist iknblo, hut uiicx] dimed, (ounce lion lx tween the fiequc iicy oi Sun 
spots, of disphjs of the Aiiioii Bou ilis, uul of tciicstnil miputic wtoims One the 
hucst Sun spot i)hoto^i iphs ovei taken it OkchwicIi is icpiodiudl, liy pcnnussion of the 
Astionoiiui Uo}4il, 111 Idati Jl The htuuturc ot the ?ioup is vny (oui]d(\ Bvciy laip^o 
Bpot is iKcoinp \niod by i ciowd of sinalhi spots, which (hin£?c coininu ilinlv quukly A 
luuc iCjLrulii spot coiisisls ol two well di lint d poi lions— -the hkek tent ill umbm and the 
suiioundiiiff fj:u y In the littei, the blight gi mules whieli foini tlu photosphae 

ol the Sun are oloiif^ited uul di iwn in towiids the ccutic ol the s])ot m ikin^y tk Rtiuetino 
ot tlu photospluuo somewhat lik thitcli Very fuepu ntly blight budge's *ue tlnown aiioss 
tiom erne »ulo to the othoi, and tins is generally the luiludt to the Idling up ot the spot 
Sun spots an* the sent ot tieincmlous activity in the laycis of glowing gas lying above the 
photosphrie The most u in nk ihlc ot the gis( ous pionmcm t s, wine h stand out above tlio 
liinl) oi the Sun wlun it is tot \llv (dipsed, in ilmost ilwiys aRsoeiate'd with spots lying 
beneath them The lowei jiAit ol Plate 12 w Iho lepioduetiou t>f i ])liotogia]>li taken by 
Plot lUinaid md Mi Bite lie y duinig the total eclipse of VK)D— Mty 2Bth These 
pionunc'iices aio outbuists ot liydiogen, t ilcium, uul otc isionally ol othe'i mot dhe viprmrs, 
wludi die often tliiowu up fioni tlu ftuilaco ot iho Sun witli (‘uoimoiis volocitu*^ Tho 
pioiiuiuuces au eemspu uoimly seen during a tot il uliiiso bee luso tho glare lu oiu liiuopplieie, 
which oidmauly sunoniidH tbi Sun, is thou foi the nioinent leniovc d The ap]duation ot a 
spec tioscopie method now en ibles us to abolish the t floe t ol tins gl iro at finy tune, and it is 
possible to m ike ,i daily record ot the piommenceB 

The upper jiart ot Plate ISiJ ib i u production ot a set ol di iwaigw of a single proniincnee 
nude 111 this munnor by Herr Fonyi, at Kalocsa m lluu^aiy, on 1805, July 15 Ifm dos- 
(uptioii IS as follows At 7 10 i m, Choeiiwuh M T , a vciy doluately fotmod pioimueiuo 
stood procifloly on tho place whcio a considerable gioup ol 8uii spotn w<m p iHsing out of sight 
round the limb (Fig 1) When Fig 2 was chawii at 7 40, the foim ot tho pioirunoiico was 
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changing with extraordinary rapidity. Determinations of the velocity with which parts of 
the prominence vere moving gave results up to 50D miles per second. 'Fig. 3 was drawn at 
8.7 ; Fig. 4 at 8.30, when the prominence had reached its greatest height of about lOOjOOO 
miles. At 8.45 its shape had changed very much, and at 9.35, wlieri Fig. 6 was drawn, the 
great protuberances had completely gone, and the proniinence had returned to nearly its 
appearance of hours before. 


Plate 13. 

PATHS OF SPOTS ACROSS THE SUN’S DISC 

By the rotation of the Sun on its axis, the spots appear to ho carried across the disc, 
along paths parallel to its equator. 

Tlie axis, around ■which the Sun rotates, is inclined to tlie ecli|:)tic at an angle of 82*^’ 45'. 
Tlie inclination of tiie Surfs equatorial plane to tire ecliptic is tliereibre 15'. 

The ascending node of the Sun's equator is the poiirt at wliich a spot on tire equator of the 
Sun would be carried by the Surfs rotation from the southern to the iiortlrern sidci of the 
ecliptic, and tlie longitude of the node is the angle wliich the direction of tliis point inakeB 
with the direction of the First Point of Aries as seen from tlie Surfs centre. The mduul 
value of tlie longitude of the ascending node is 74*^. Its prosition is marked on Plate ii. 

Plate 13 shows the [latlis along whiclr the spots jippeav to travel at diflerent dates. They 
are liere represented as actually on the face of the Sun, and not as seen througli the iiivcrtiwg 
telescope tliat the astronomer ordinarily uses. 

On December Gtlr, tlie Earth is in tire lino of nodes, ami, consequently, in the plane of tlie 
Surfs equator, and tlie paths pursued by the spots will therefrre a])peiir |)rojectr(l into straiglrt; 
lines. Again, on June 5th, wlicn the Eartli is in the opjiOHite iioiiit of its orliit, it will be 
again in tlio i)lane of tlio bun’s C(iuator, and the paths of the sixits will again appear proj'iM'tcd 
into straight lines. 

On irarcli4tli, tlie Earth, being thenlKP from tlio node, will he deiiressed lielow tli(? SiirfH 
ecpiator hy an angle of 7*^ 15', and the patlis of the sitots will ajipear as t^lIipscH oi' iMaisidcra i.Ie 
curvature, with their convexities towards tlio north; while, on Septeinlaa.' (Tli, IVotii (hr up- 
positc (loint of the orbit, the same curves will reappear, only tluit (,Iu‘.y will now be emix rx, 
towards the south. IToni March till June, and from September till l)t‘renil)(‘r, tlw ciirvai 
is (lecreasing, while in the intervening periods correspoiHliiigcdiangu^s ta,k(^ plma* in oppnsitt^ 
diu'ction. \Vc may (IcBcriho these changes in a somewhat difUannt way by .'^ayiire; that on 
June 5th and Dcocinher Gtli both poles of the Sun are visibk^ just on tlu', (>(lgt', of it*; di>n, ; 
from J'uiie to Decinnhor the north pole only is visible ; and from DiM-imibi'i* to .1 uiic t hr h 
poll! only (‘an Im‘. hcou. 

By tlie ‘‘ [Hisition angle of the Suifs axis,’' is meant the angl(‘ which liu^ projt'iqinu n(‘ tiic 
northern halfof the Sun’s axis on its appavent disc makes wdth the nirn'idian pas.sing tlinuigh 
tin*, Sun’s ec litre, roekoned positive towards the eastern, and luwativc towards ihoM<*sti‘rn 
side of the disc. If the ohservation is madeat noon, it is the imglo wliioli (ho (lircotiun ni thn 
axis makes with the vertical, when the imago is viewed projected on a slu'ct <d‘ paper placed 
behind the eycjpiece of an inverting tolescope. If the observer’s hatdv ho turiuxl luwardM the 
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Sun, tlie po itioii au<,^le will be positwe wlieix tlie upper half of the axis Icuiis tow aids the 
ri^ht, and negitive when it leans towards the Lft On sutli a piojcction the carcluwl points, 
N,S, E, W, lie ]ugt is they do in an oidinaiy tcnestiiil atlis On faiumy 5fch and 
July Gth, the position un^lc ot the Sun’s i\is is -Zuo iiom July 6th it ^ladu illy mcicaseb in 
a positi>7-c ducction until it rexchea its greatest value, \ iz + 26® 20', on Octobei 10th Fiom 
tins date it gi idaally dimiuishes till J uiuaiy Sell, a tei which it beconns negative, reic lung 
its gie itcst neg itive viliie, viz - 26° 20, on Apu! 0th, and ictuiniiig once more to Zcio on 
July Gth 


Plate 14 

PHASES OF THE MOON LUNAR AND SOLAR ECLIPSES 

Phases of the Moon —The hemisphere of tin. Moon that is turned towaids the Sun is, 
of (oiuse, biilliantl> lighted, tin otlui hcmiMph(u is dirk As the Moon moves in its 
oihit louud the Euth, the illuminite d side is tumid towuds us iii x uymg pi()])ortions, and 
theiditiou between llu ]di ises thus inodueed ind the rol itivc ])()hilions ot Sun, Eaitli and 
Moon IS show 11 in the np[ici put of the plite 

When the Moon IS hut i fewcUysold, mil ippexm as a thin (iisieut, it fioipiently 
Inppi ns tint pirt ot the Moon wliith is not lit dnoeily by the Sun is neon tanitly 
slnnmg hy the ittlc ited “ Euth light,” ui ippe iniice known is “ the old Moon in the new 
Moon’s aims ” 

Eclipses of the Moon— The Sun throws bclimd the Plaiih a dail cone of sludow, 
which loaches a long wiy heyoiul tlie path of the Moon, xnd d it had happened that the path 
of till Moonliy pieeiscly m the ecliptii, then, at cveiy full Moon, she would pass through 
this shadow, and be tot illy eclipsul Since, however, the Moon’s path milaw i small .iiigle 
with the cnliptii, she usiully pisses a litth <ih()vc orbilow the conoof shadowy and esc ipes 
eclipse But, tioiii time to time, the Moon is cio^snig the cihjiitu ]ust ihout the time of full, 
and tlion a p iitial oi totiledipsc occurs, and is visible over the wholi' of tint IiemiKiiluto of 
the Euth winch is at tlio nioiriont tinned aw ly fioin the Sun and to waids the Moon It 
^()lll>^\s th it a total eclipse of the Moon -being visible , whcncvci it oicius, ovci it h ant half 
the B1 nth is not a vciy uncoininon spcctac o 

Iclip&es of the Sun — The Sun also thiows hi bind the Moon aduk cone of hli ulow , 
Bunlk 1 than that thrown be hind the Exrth, hciaiiscthe Moon is Himlhi, but just long 
enough, on the aveiagc, to icach tlu Birth When the Moon is ne iu'hI the Eaitli, the cone 
of sludow may (ovoi a space about 170 miles broul , lud, with the motion of the Moon, this 
sh mow pate h swoc pR quickly ovci the Earth Within the shadow-bolt, fora fewinmntes, 
tliG Sun IS just a little more than completely obscured by the Moon, and there is a total 
of the Sun When the Muon ih faithost hour the Bkirth, the shadow cone docR not 
uach the E<irih, so tlmt from no point can the Sun be soeu eonxpletoly obscured , at be^st, 
there IS a iingof Sun showing all loiiud the Moon, and the eclipse ih anmdar, At points 
lying outside the belt of totality, or ot anuularity, the Sun may be partially obscured by the 
Moon, andtheie is a partial cdipso But the limits within which any eclipse at all is 
visible are lai within the boundary of the whole hcmiBphero of the Emth which is tiiniod 
towaids the Sun, and consequently oclipses of the Sun of any kind aie much inoiw xaiely 
see 11 at any one place than are eclipses of the Moon 



18 


POPUI/AB GUIDE TO THE HEAVENS. 


Plate 15. 


I^ATHS OF TOTAL ECLIPSES OF THE SUN, 1901— 1950. 

In his great wovkj “Canon der Fins ter nisse,” Prof. Oppolzer has given mfipn of the paths 
“the Moon’s shadow over the surface of the Earth for all the total and aiinular ccdipses of 

Sun between the years 1207 B.o. and 2162 a.d. From this work Plate 15 has been 
Pi^epared, showing the tracks of the total eclipses visible between 1901 and 1950 a.d. At 
til© Western end of each line the eclipse begins at sunrise j the point in the middle ot each 
line, where the eclipse is at noon, is marked by a circle; and at the eastern end of the line 
tLe eclipse begins at sunset. 

An examination of these curves will show in a striking way the repetition of etdipsos in 
^ period of about eighteen years and eleven days, which period, known to the Chaldeans, is 
called the Saros. Take, as an example, the G-reat Eclipse of 1901 — May 18tl), occuring at 
*3ciid-day in long. 97® E., lat. 2“ 6'. We have on our Plate three eclipses of this series, viz. : — 

Lat. 

1901— May 18 ..■» Eclipse at mid-day in 97® E. 2« S. 

1919- „ 29 ... „ „ 18 W. 4 N. 

1937— June 8 ... „ „ 131 W. 10 N. 

And later eclipses of the same series are 

1955— June 20 ... Eclipse at mid-day in 117<J E. 15*5 N. 

1973- „ 30 ... „ „ 6 W. 19 N. 

1991— July 11 ... „ „ 105 W. 22 K 


The centre of the track of the eclipse is gradually moving north, and is at each repetition 
a.*bout seven hours, or 106®, farther west in longitude. 

Let us take as another example the history of the eclipse which will bo total in England 
in June, 1927. The dates of the three eclipses of this series represented on our Plato are 


1909— June 17. 1 1927— June 29. | 1945— July 9. 

The first begins in Siberia, crosses close to the North Polo, and runs down the woat 
^ast of Greenland. The second begins in the Atlantic, south-west of Ireland, crossos Great 
Britain, runs up Norway, through the Arctic Ocean, and ends south of Behring Straits. TJie 
tinird begins in Canada, crosses Greenland and northern Norway, and ends in Ocmtral Asia. 

It will be seen that the circumstances of the path of an eclipse are very complex, 
especMy when Its centre is in high latitudes, and the reasou for this may bo readily nnder- 
B-tood if one looks at a globe, tilted with respect to the Sun, according to the time of the year 
of the eclipse, and considers how the shadow of a body, the Moon, passing between the Sun 
and the globe would cut across the tilted lines of latitude and longitude. 


Plate 16. 

typical solar coronae. 

*°‘®Uy-e°lipsed Sun is the corona, of pale white 
lig-ht which flashes out as soon as the dazzUng photosphere is completely coverli by thl 
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Moon In the three or four minutes which is the nrerx^e cliiiatioii of totality it is almost 
impo&biblo to (li iw 01 descubc the very comple\ stiuctme of this appendage of the Sun 
But, foi tilt list twenty five oi thiityycirs, almost every eclipse has been successfully 
photogripliGtl A icferuicc to Plitt 15 will show the luluoiis clunctcr oi the journeys 
winch lu often involved in eclipse obscrvitiun The six photographs winch aie reproduced 
m PI itc 16 w Lit tiken as follows 


1 

1871 

Dec 12 

PI Divis 

B ukul. Inch i 

2 

1882 

Miy 17 

Abney ludSchustoi 

Egypt 

3 

1898 

April IG 

J Kcimey 

Fimduiin, W Africa 

4 

1878 

July 29 

W Hukness 

Wyoming 

5 

1 889 

Jan 1 

■W PI Pickering 

Califouii 1 

6 

1900 

M<iy 28 

E E Birnard 

Wadosborough, N Carolina 


The photogi iphs Inve been arranged m two sots, in which it will be seen that tlie corona 
IS of distnutly diflciont types In the fust set — 1871, 1882, 1893— the coroiu is 1 iiily eq.ually 
distulmttd light loiuid the limb of the Sun , iii the second set— 1878, 1889, 1900— the 
(oioiulms 1 11 g(^ ecputoiial extensions, and it the pules it is biokoiiup into shoifc, distinct 
streaincis Pm the i, it will he no tic od that the intcrvil between succjossivc photogi iphs m 
each set is ibont eleven years— the sunspot period, the fxist sot fall near the times of 
sun spot in ixmiuin, the second ncai times of sun spot miimniim 

Not vciy much IS known of the iiatuieofthe coiona The stica mors shine largely, if 
not entncl}, by rc fk c ted light from the Sun, and must, thcrcfoic, be c ompoaeil oi small 
piiticles Diliused amongst them, hut piobably not Hliaring in tlu u radial stiuctme, is an 
unknown gas— calk (1, for ( onvemonc(‘, “coionium’’ That soim oi the detailed stiuctuie of 
the coioni is connee tul with imdorlymg sun spots and pionmunccs w certain Put the most 
significant fact is the evident dependence of the forces wluch dctcrrniiu the foim of the 
coiona upon the same cause, whitevcr it nuy he, which piuclucos the peiiodicity of the sun 
spots, disiuihtnco of the magnet, and auione 

The coiona and piominorices alikc‘ aie oidmanly invisible to us, bo( aiiso they are not 
nearly so hiight as the ILiie in oui atmosplu ic which seems to sunoimd the Sun The 
speciioHcope h i« made it possible to obaivotlic prommcnces continuously , but, up to the 
picscnt, no motliod h is boon found of viewing the corona excc pt duiing the rare mmutc s of a 
total eclipse 
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Pla-Te 17. 

DONATI’S COMET. 

This, tlie most famous comet of the 19th Century, was discovered by Donati at Ploreiice, 
on June 2iid, 1858, as a small telescopic object approaching tlio Siiu. for nearly three 

months did it become visible to the naked eye, but tlienee, right up to the time of its 
perihelion passage, at the end of September, it grew rapidly in brightness until its starlike 
nucleus was as bright as the Pole star. During September its tail was directed nearly 
towards the Earth, and, though bright, was seen so much foreshortened that its effect was 
greatly marred ; but as the comet passed perihelion and began to recede iioin the Sun, its 
patli, by good fortune, was most" favourably placed. The splendid plumed tail then lay almost 
at right angles to the line of sight, and its whole length was for tlie first time displayed. 
Other comets have had longer tails, though this was more than Ibrty million miles long, but 
none have surpjissed Donates comet in heauty. The main tail, the curved plume, was of the 
type shown afterwards by the spectroscope to consist of hydrocarbons ; tlie thin straight 
streamers are of the hydrogen type. Evaporated, apparently, from the nucleus of tlie comet | 
by the heat of tlie Sun, tlie particles of the tail arc repelled iVoni tlie Sun by some force 
whose nature is still pi'Qldematical, and driven backwards from it with a speed which must bo 
comparable witli tliat of the speed of light itself. 

On tlie evening of October 5tli, Donati’s comet was at its licst, when its motion involved 
the briglit star Aroturus in the brightest part of its tail, through wliicli the star shone 
uiidimiried Our |)late, which was drawn by Prof. Bond, at tlie Harvard College Observatory, 
shows Areturus close to tlie comet’s head, while its tail sweciis up between the Great Bear 
and tlie Nortliern Crown. 


Plate 18. 

No. 1. 

HOLMES’ COMET AND THE ANDROMEDA NEBULA. 

On Nov. (), 1892» Mr. Edwin IIolineB discovered In London a comet which was in many 
ways reniai'kalilc. When found it was close to the giaiat nebula in Andromeda, and its 
motion was HO slow that, throughout tlio month of November, it conld lie photographed on 
the Hnuuvphit(i with, the nebula. Plate 18 is a reproduction of a photograph taken at the 
Li,(dc Oliscrvatory, on November lOfch, by Professor Barnard, who describes the comet as 
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"^rouiifl, and sharply defined like a planetary nebula, wifcli a sytumetrieiil, uebiiloiis 
'atmosphere surrounding it for some distance.” 

The after-history of this comet is very cm ions. By the middle of 1 )(‘C(‘iuher, ii. hud 
?cro\vn so exceedingly faint and ill-defined that scarcely any telescope could show it I In (. in 
the middle of January, it suddenly brightened up, and condensed into a snnill, hazy, star-like, 
ol'^ject, after which it again became diffuse, and finally vanished 

The comet’s orbit was equally remarkable It lay entirely lietwoen Mars and Jupiti'r, in 
the zone of the minor planets , and it has even been suggested that the conud. was imt n 
comet at all, hut the result of some celestial accident— such as a collision — which Inul btdallcu 
iiii asteroid. 


bios 2 AND 3. 

COMET a 1893, IV. (BROOKS.) 

This comet, though small — ^and, as a visual object, insiguilieaut — was, in some ways, tlu^ 
most remarkable comet that has yet been studied by photography. The plate is 11 nqirodiiC" 
tion of part of a series of photographs taken by Professor Barnard at the Jack Observatory. 
The motion of the comet was towaids the north-cast, the left-hand top corner of tlu'. piet.un*. 
On 1893, Oct 20th, the tail was straight, but guulually widening towards th(‘ end ; on tin* 
next day, the date of the second picture, it had been completely traiisfornKsl dbe tail is very 
much distorted, as if the matter of which it is formed had cncountAiriul some ri'sistanet*. i hi 
the following day, October 22nd, the tail was completely wrecked, mid large portions of it 
were detached. In our ignorance of the way in which a comet’s tail is produciai and main- 
tained, it is scarcely possible to say anything definite by way of explanation of ih(‘S(‘, (dningi^s 
That the comet had encountered some resisting medium is a ])lausiblc eonjecturc, but nothing 
more. 


Plate 19. 

COMET 1901. I. 

The Great Comet of 1901, visible in the Southern ITtMuisphen^, was by far th(‘ fiiu^Ht 
comet that had been seen for twenty years. It appeared very suddenly on April 2 Itii, and 
was discovered independently by several persons in South Africa and Aiistralia. It was'tlam 
at perihelion, and visible only just before sunrise, but durmg the succeed iug days it passiul, 
apparently, still closer to the Sun, and was lost in the daylight. By May 3rd it wan 
sutiiciently clear of the Sun to be visible in the evening twilight, and on May -Ith tin* 
photograph, from which Plate 19 is made, was taken at the Boyal Observatory, Oata* id' hoed 
Hope, with the Yictona telescope, in twilight. The tail is uoiiceaidy unsymmot.ncaiL 
streaming from each side of the nucleus, but much more strongly on tlu^ south-west side. 

^ steught, liihifc tail, inaldng nti angla 
the mam tail, and as the comefc got away from tho Sun into 
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COMET b 1902. III. (PERRINE.) 

This was an excellent example of the kind of comet wliicli raises false hopes when it is 
reported ill the papers as visible to the naked eye.” At its brightest it was little more 
corispicuons tliaii the Andromeda nebula, with which few people are familiar as a naked-eye 
object ; in the telescope, it was an almost formless patch of light, witli a vague tail. The 
photograpli— taken at the Royal Observatory, Grreenwich, on Sept. 29, 1902-— shows the tail 
strongly cleft. Six divisions can be counted in the original from which the plate was made. 

Tliis photograph was made with an exposure of 62m. The comet was in rapid motion 
amongst the stars, and the telescope with which the photograph was made was kept pointed 
precisely to it ] in consequence of this, the stars appear as trails, and give a precise idea of 
the amount by which the comet had moved during the hour which was needed to secure this 
picture. 


Frontispiece. 

COMET a 1910. 

Dr. A. C. I). Crominelin writes as follows in the ‘'Observatory,” February, 1910, 
jiage 103 

“It is not known who first saw Comet a 1910, but it was seen in the Orange Free State 
as early as January 15th, and observed two days later by Mr. Inries at Johannesburg. It 
wa.s moving rapidly north, and was first seen in England on January 19th. It liad been seen 
a day earlier in Eome, Milan, Yicnna, <fcc., being visible at mid-day close to the Sun. We 
believe it is the first cornet to be seen thus since the famous one of 1882.” 

HALLEY'S COMET 1910. 

The return of Halley’s Comet (wliich had been last seen in May, 1836) was first 
announced by Dr. Max Wolf on September lltb, 1909. It was afterwards found that the 
Comet had been photographed at Greenwich on September 9tli, and it further appeared that 
Mr. Knox Shaw had obtained the same object on a photograph taken at Helwiln on August 
24th. The Perihelion passage occurred on April 19-20, about three days later than tire 
date assigned by Messrs. Cowell and Crommelin in their remarkable calculation of the orbit 
of Halley's Comet. 

We are indebted for these drawings of Comet a 1910 and Halley’s Ooinet 1910 to the 
kindness of Mr. T. E. Key. 
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HOLMES' COMET AND THE ANDROMEDA NEBULA. 



P£RRI\E’S COMET. 1902 III GREAT COMET OF 1901 

30-in Reflector, ROYAL OBSERVATORY. GREENWICH May 4th :McClean Telescope. ROYAL OBSERVATORY. CAPE OF GOOD HOPE 






GH AFTER V.—THE MOON. 

Pla^Tes 20, 21 & 22. 

The three photographs here reproduced were taken at the Yerkes Observatory ■with the 
great telescope, temporarily converted into a photographic telescope by the device of photo- 
graphing through a screen of yellow g’ass in contact with the plate. 

Plate 20 shows the region of the Mare Serenitatis and the Apennines. The Mare is 
more than 400 miles across, and is singularly free from Craters. The appearance in the 
photograph of the ciirious serpentine ridge towards its western border is a good example of 
the importance of selecting the right moment for studying any particular lunar object. 
When the photograph was taken this ridge was conspicuous : had it been taken a few hours 
later the ridge would have disappeared. It is really very low, so that it soon loses its shadow, 
and as soon as that happens it is no longer distinguishable. 

The bright, white spot Liniid has a long history. It was drawn by old observers as a 
deep crater. Por many years it has been merely a bright spot, with scarcely any depression 
at all. Opinions differ widely as to tlie reality of any change ; perhaps, on the whole, the 
evidence is in favour of sometliing having happened. But the doubt as to the trustworthiness 
of the old observations emphasises the value of photographs such as these, which could 
scarcely give a wrong verdict on such a point. 

Craters differ much in their brightness ; Alfraganns and Dionysius have exceptionally 
brilliant walls ; Julius Cmsar and Boscovich are very dark. 

The boundary of Julius Csesar towards Sosigenes has a broken down and denuded 
appearance; the deep valley alongside it has probably been formed by the fusion of several 
craters, wliich lire frequently fouiul three or four in a row close together. 

The Apennines and the Caucasus of the Moon ore mountainous regions much more 
resembling those of the Earth than do the lunar mountains in gonernl. The peaks run up to 
18,001) and 20,000 feet, and the N.E. boundary of the Apennines is a very steep cliff, not well 
shown in the photograph, which shows it under a sotting sun. 

Tliere is a curious contrast between the craters Archimedes and Aristillus, The former, 
though 60 miles in diameter, has its crater floor only some 600 feet below the plain outside. 
Its walls, about 5,000 feet high, look broken and denuded, and the crater has the appearance 
of having been filhid up nearly to the brim by an outflow of lava. In Aristillus, on the 
contrary, the depth from brim to floor is 11,000 feet ; the central peak and terraces are 
preserved, and the plain all round is covered as if with the debris of relatively late eruptions. 

In Plato 21 we have a picture of the most nigged and broken part of the Moon’s surface. 
The crater Tycho at sunrise, as shown here, is relatively undistinguished, though of such siz;e 
that Mont Blanc would stand on its floor, and from its summit it would not be possible to see 
over the crater wall. But as the Moon gets toward full, while most of the other craters 
become hnril to see— Olavius, for example, almost entirely disappears under the perpendicular 
illumination— Tycho stands out conspicuously brilliant, the centre of a system of radiating 
bright streaks, whose nature is a mystery. They go straight across mountains and plains ; 
there is only one well-marked case, Saussure, in which the streak seems to turn aside to avoid 
a mountain. 
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It 1 curious that in the district aiound Olavias the western walls of the craters are 
generally higher than the eastern In Olavius itself a peak of the western mil st in.ls 
?7.000 L above the floor, and the deepest of the sinaller cratom within is 6,000 ket deep 
At the extreme hottom of the picture, below and to the left of Pitatm, is the Struirht 
"Wall recognised only by its shadow The wall is -ilrao.t perfectly straii>ht, 00 miles lonff, 
and about 1,000 leet high It is much steeper on the eist than on the west side, lud is, 

perhaps, better called a cliff than a wall , « i 

Plate 22 —In Copernicus and the region mound it we find liin ii scenery on the cjiainU st 
scale The crater itself is about 60 miles in diameter , the highest peik is inoic th in 12,()()0 
feet ahovb the floor , the central mountain above 2,000 feet high The succossi\t toi i u ( s ot 
the wall ore said to resemble those of the cratei of Teneriffo the iidges runniuir down ou to 
the plam suggest outpoimngs of lava To tht north is Mt Carpathus with in cnoimous < elt 
To the vest the whole plain is riddled like a sieve with smill ciitcis The line ol 
small enters runnmg north and south, and becoming at tlio xioitli end i detp dt ft, Migg( sis 
the question Are these small craters formed along a pro existing cleft, or is tlio ( h It, us w c 
see It, formed by the amalgamation of a number of bmall ciatois iii i line 


PLACE OF THE MOON 

From the monthly rnapb, 39—60, the positions of the Moon xt different jit nods in tho 
lunation can be learned In the first pheo, it is to be noted that oui Stildhtc lies always ni 
or close to that part of the sky marked as the “ Track of the Planets ” When it is full Iho 
Moon IS IE opposition, and comes on the meiidian at midnight, and licnco we have the 
following rule 

Look out the monthly map for the month m question, then the full Moon lies in tint 
part of the heavens where the Tiack of tho Planets^’ ciosses the oeniial luciidian, alzoady 
defined to he the line drawn on the map from the North point to the South point 

Uxample 1 —In what Constellation does tho full Moon appear in September ? 

iSoZuifioTx— The answer is given by Id ito 47, wheie tho “ Ti uk of tlie Planets aossus 
the central meiidian in Pisces, which indicates the lequired position 

Ummple^—'Wh.eu. is the full Moon near tho Pleiades ^ 

Solutimi-^'Bhte 49 shows the Pleiides on the central moiidian, and a(conluigly 
November is the nnswer to the question 

Tofilnd the position ot the Moon at tho time of tho fiibt quaitei, tho following xs the 
method 

Look out the monthly map for three months p^ecedinc; tho given date, thou tho 
constellation m or near which the Moon lies at tho fiist quoitci is shown at tho lutciHection 
of the “ Track of the Planets ” with the central monclian 

Ixcmple '—In what constellation does tho first quaitei Moon appear in June ? 

Solutzon—'HhB map three months earlier is Plate 41 for Mirch TIuh bliows tho mtor 
section of the “Tiack of the Planets^’ and the central moiLcIiin.iu Viigo, whuh is 
accordingly the answer required 

To find the position of the Moon at the time of the last quarter, the following is tho inoihixl 

look out the monthly map for thiee months foilowmf/ the given date, then the 
Constellation in or near which the Moon lies afc the last quarter is shown at tho intu hoc tioa 
of the “ Track of the Planets with the central meridian 
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Example , — In what constellation does the last quarter LIooii appear in July ? 

Solution , — The map three months later is Plate 48, which shows that the constellation 
is Aries. 

It ought to be observed that, on account of the rapid motion of the Moon, only a rough 
indication of its place can be expected from the process here given, and that the accuracy will 
be greater the nearer the phase in question happens to the middle of the month. 

The foregoing problems can also be solved by the more general method now to be 
described. The Table of Moon Age shows the position in the heavens which the Moon 
occupies at any age in any month. The use of this Table is as follows. 

Enter the table in the vertical column bearing the name of the month. Then take the 
age in that column nearest the given age, and the figure at the left on the same row gives the 
number of the monthly map in which the region where the Moon is situated lies on the 
“ central meridian ” where the “ Track of the Planets ” crosses it. 


The Table of Moon Age. 


Miip. 

•Tan. 

Feb. 

March. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

M) 

14 

12 

10 

7 

6 

3 

29 

25 

23 

20 

18 

16 

40 

17 

14 

12 

10 

7 

6 

3 

27 

25 

23 

21 

19 

41 

19 

16 

15 

12 

10 

8 

5 

2 

28 

25 

23 

21 

42 

0*2 

19 

17 

14 

12 

10 

8 

6 

1 

0 

26 

24 

4.S 

25 

22 

21 

16 

14 

12 

10 

7 

4 

2 

28 

26 

44 

27 

25 

23 

18 

16 

14 

11 

9 

7 

4 

2 

29 

45 

29 

27 

25 

20 

18 

16 

14 

11 

9 

7 

5 

2 

46 

2 

0 

27 

25 

21 

18 

16 

14 

11 

9 

7 

4 

47 

6 

2 

29 

27 

24 

20 

18 

16 

14 

11 

10 

7 

4S 

7 

4 

3 

0 

27 

23 

20 

18 

16 

14 

12 

9 

49 

JO 

7 

5 

3 

0 

27 

23 

20 

, 18 

16 

14 

11 

50 

12 

0 

8 

5 

2 

0 

27 

23 

20 

18 

16 

14 


Exajn2)te 1.— Where does the Moon lie when four days old in October ? 

Solntion.’—ThQ Octol)or column in the Table of Moon Ago being re erred to, the 
sixth figure from the top gives 4, the age of the Moon, and the figure at the end 
of that row on the left is 44. This monthly mai) shows that the Moon must 
. then be in or near Sagittarius. 

Example 2.— What will bo the age of the Moon when on the meridian at 10 p.m. in 
August ? 

SoMion,'--‘ki 10 p.m. in August, the heavens will be as in Plate 45. Therefore we 
refer to the row for Map 45 in the Table of Moon Age, which shows, under the 
column August, that the moon must then be about 11 days old. 

Example S.—Determine when the Moon, at the first quarter, has a specially high 
altitude, 

Solutioyi,-^l!\i^ heavens must be as in Plate 49, which refers us to the last row but 
one of the Table. For the Moon to be 7 days old we look under the column 
February, in which month the heayens are as in Plate 49 about 6 p.m. 
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Plates 23 to 38. 

THE LUNAR OBJECTS. 


For the study of the Lunar formations, Plates 23 to 38 have hccii B] iceially drawnu 
As the astronomical telescope sho^s 


Tekminology op Lunar Quadrants. 


Jfom in IwmHintj Tdesarpt, 


the Moon turned upside down, and with 
right and left interchanged, the maps of 
our Satellite are represented accord- 
ingly. The four quadrants (Plates 23, 

24, 25, 26) are designated in the manner 
shown in the annexed figure. F or ob- 
servations of tlieMoon, the ‘^terminator' 
or hoiindaiy between light and shade, 
is the place where the objects are best 
seen, and Plates 23—38 of the present 
Atlas have been arranged to facilitate 
obserration of the Lunar formations on 
the terminator at various ages, from new 
to full. The terminators for each day 
of a lunation are marked on the quad- 
rants; the inorniiig terminator being 
that when the Sim is rising on the ob- 
ject in question. Tlie quadrants also 
enable the latitudes and longitudes of 
Lunar objects to be found. 

^ As the Moon is so much more con- 
veniently observed from new to full, 
than from full to new, it is the former 
series of changes that have been more 
particularly provided for. The tele- 
scopic view of the Crescent Moon, 3 days 
old, is shown in Plate 27. On the oppo- 
site page an index outline is given on 

for greater convenience in reference the mmcc nf ih . 1 of Limnr ibnniKhuiH ; but 

out ou the Index outline is the ’"••• "''f' 

an evervarying series of objectsis presented A snpeiiTpf t '■liiiiU'cs, and 

of the Moon’s age, from the 3rd un to" the Uth thoroioro giv<?u (bnuu*h day 

the Moon is so close to the Sun that nhoo t- ’ Moon la full, liol'urn tlio thinl day 

Suppose, for instance Si S Zj a’t 

33. Oil the terminator, a little below the middle 'he notes oRwrver tlieii ndVra (,, Ph.lu 
ite name. The ladex outline assigns tie Number 380 onrl *" 

this feature is named ‘‘Copernicus ” TLa nh a ^ uiurgiu hIiuwb that 

lessening detail up to the S oTmi ^ if ‘ -H.-ri w i 

ofmry one of these Plates 

n ine hgure on this page, it appears that (;„iMTiii,.u.s must lie 
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in the “ Second Quadrant ” or on Plate 24, where the great crater will he found a^ain as No. 380, 
a conspicuous object at 20^ East longitude, and 10^ North latitude. Along the top of Plato 
24 are shown the positions of the terminators at corresponding ages of the Moon. It will be 
noted that the morning terminator on the 9th day passes through Copernicus. So also does 
the evening terminator on the 24th, so that if the observer desires to study Oopernicus when 
illuminated by the sunlight from the opposite side, he may repeat his observation 15 days later. 

As another illustration, let us suppose the Moon to he 4 days old, and that after com- 
[)aring the Moon with Plate 28 we desire to know the name of that large round dark patch, 
a little below the centre, which lies midway between the limb and the terminator. The Index 
outline shews it marked A, and from the reference to the margin or to the Catalogue the 
object is identified as the Mare Orisium. It is represented in Plate 23 as A. near the top at 
the left. 

To show tliG mode of representing the ranges of Lunar mountains, we may suppose the stu- 
dent to be looking at the Moon a little af ter the first quarter, say on the eighth day, as on Plate 
32. He notices a remarkable formation a little below the centre. The Index outline labels 
this object c, and the margin shows that we are looking at the lunar Apennines. Plate 24 
exhibits tho Apennines pointing towards Copernicus. 

Suppose that a view of some particular formation of known name be specially desired, the 
in'oeess is as follows. Look it out in the Index at the end of this volume, the first reference 
is to the quadrant, and the next is to the plate where the object is represented on the 
terminator. 

Thus, for instance, to find the position of Plato. The Index shows first of all that it lies 
on Plato 24, that is, in the Second Quadrant. The next reference is to Plate 32, which shows 
tho object lying near the terminator when the Moon is 8 days old. There are further references 
to 33, 34, and i^), where the object is also visible- The evening terminator on Plate 24 shows 
that when this object is suitably placed for observations with the opposite illutnination, the 
Moon is about 23 days old. The subsequent references in the Index are to those pages of the 
Introduction in which the object is mentioned. 

The beginner should, however, be appri.se(l tliat even with the assistance which it is hoped 
that these maps will afford liim, considerable pains are often reqxiired to identify the lunar 
objects. In tho first place, various causes produce what are known as lihrations of the Moon, 
whose effect is that the Moon does not always turn precisely the same face toward us. 
The maps are accommodated to a state of mean libration, and the student must not be 
surprised if he finds an object sometimes higher and sometimes lower than its position in the 
map would have led him to expect. These changes often produce considerable variations in the 
appearance of the lunar formations. It must also be remembered that the of the Moon 
cannot bo always exactly that of tho map which comes nearest to it. This will often involve 
considerable alterations in the appearance of the lunar formations from those which they present 
at the exact phase which the map depicts. The elucidation of the several points which thus 
arise will afford much interesting occupation, and will, it is hoped, lead the student to a close 
acquaintance with the beautiful scenery of our Satellite. 
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CATALOGUE OF LUNAR OBJECTS. 

Figures refer to the Number of the Crater or similar formation, capital letters refer to the so-called** Seas," and 
Bioall letters refer to the Mountain Pangea and isolated Mouubaius- 


1 Langrenus. 

47 Steinlieil. 

9.3 Pons. 

2 Kilstiier. 

48 Ylacq. 

94 Pontanus. 

3 Veiideliinis. 

49 Boseubevger. 

95 Geumia Frisius. 

4 Miiclaiiriii. 

50 Eeavchiis. 

96 Poisson. 

6 ilecateus. 

51 Xlominel. 

97 Aliacensis. 

(i Ansg’arius. 

52 Pitiscus. 

98 Werner. 

7 Petaviiis. 

63 Mutiis. 

99 Apianus. 

8 Wi'ottesley. 

54 Matiziims, 

100 Playfair. 

0 Palitzsch.' 

55 Censoi’iims. 

101 Blanchinua. 

10 Ease. 

56 Torrieelli. 

102 La Caillo. 

1 1 Leiendrc. 

57 Oapella. 

103 Delaunay. 

P- Willielin nuniboldt. 

58 IvSidoriis. 

104 Bhiye. 

13 Phillips. 

50 Madler. 

105 Donati. 

■14 Jfurneriiis. 

(K> Eolinonberger. 

105 Airy. 

16 Stevinus. 

61 Bossc. 

107 Argelander. 

16 Siiellius. 

6*2 Fracas to rins. 

108 Parrot 

17 Adiinis, 

63 Piccoloinini. 

109 Albatcginns, 

18 Maiinus. 

64 Stiborius. 

110 llii)parcluis. 

19 Fniiiiihofer. 

05 llicciii.s. 

1 111 Halley, 

20 Oken. 

66 BabbiLovi. 

112 Hind. 

21 Vega. 

67 7jagiit 

113 lIorruckR. 

22 Poiit(Scoulant. 

(58 Liiulenau. 

114 Rh;eU(‘us. 

23 Biel a. 

69 Nicolai. 

115 Reaumur, 

24 Ilagcciiis. 

70 Biisebing. 

111) Walter. 

25 Boussiiigault. 

71 Biich. 

117 Nonius. 

26 Boguslawsky. 

72 Hypatia. 

1 18 Fernelius. 

27 Sell oral) erger, 

73 Debvmbra 1 

119 8t()(lcr. 

28 Webb. 

74 Theou Sent. 

120 Bkiraday. 

29 Messier. 

76 1)110011 Juur, 

l‘2l Maurolycus 

30 Liibboclc. 

76 Daylor. 

122 Barocius. 

31 Gocleniiis. 

77 Alfraganus. 

123 Clairaut. 

32 Gutteraherg. 

78 Kant. 

124 Licetus. 

33 Magelhaens. 

79 TheopliiUis. 

125 Olivier. 

84 Oolonibo. 

80 Cyrillus. 

126 Bacon, 

35 Cook. 

81 Catbarina. 

P27 dacobi. 

36 Sanbheoh. 

82 Tacitus. 

128 LiliuH. 

37 McClure. 

83 Beaninont. 

129 Zacli. 

38 Orozier, 

84 Descartes. 

130 Kiiuiu. 

39 Ballot, 

85 Abulfeda. 

131 PeuEand. 

40 Bovda. 

86 Alniaiion. 

132 CJurtius. 

41 Ileiclieiibacb. 

87 Geber. 

133 Siinp(*lius. 

42 llheita. 

88 Abenezra. 

134 Miller. 

43 EeaiideD 

89 AzopM. 

13.5 18cliul>crt 

44 , Metius. 

90 SactoboscD, 

136 Apollonius. 

45 Ifabiicius. 

91 Berriiat 

137 Pirniicus. 

46 Janssen. 

92 Polybius. 

138 Azout. 
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CATALOGUE OF LUNAR OBJECTS- 


139 Neper. 

140 Oondorcet. 

141 Beliaim. 

142 La Feyrouse. 

143 Haniio. 

144 Lo Geiitil 

145 Tannerus, 

146 Ilug’giiis. 

147 Timoleon. 

148 Zcuo. 

149 Schwalie. 

150 Hausen. 

151 Alhazen. 

152 Ficartl. 

153 I-1erce. 

154 Tanuilius. 

155 SiH’fhi. 

156 P nidus. 

157 M ask dy ne. 

158 Jansen. 

150 Vitruvius. 

160 Manikli. 

161 Cauchy. 

162 Kiuinart 

163 OriarUi. 

164 lJuiardi. 

165 Sinu'ca. 

166 Mae.rnbius. 

167 < 'Icoiuedes. 

168 'rralles. 

169 Ihirckhardt. 

170 Hahn. 

171 P>crt)sus. 

172 Gauss. 

173 Geiuiuus. 

174 Ik'niouilli. 

175 Mcssala. 

176 li(U7.dius. 

177 H«H)ke, 

178 Sdiumadior. 
170 Struve. 

ISO Mercurius. 

181 Krauldin. 

182 C(‘i»lunis. 

183 Ccr.stcsl, 

184 Shucklnirgh, 

185 ('licvallier. 

186 Atlas. 

187 Ueivules. 

188 Kiulyiuion. 


189 Be la Rue. 

190 Strabo. 

191 Thales. 

192 Gartner. 

103 Dciuocritus. 

194 Arnold. 

195 Moigno, 

196 Peters. 

197 Meton. 

19S Euctemon. 

199 Challis. 

200 Main. 

201 Giuja. 

202 Scoresby. 

203 Barrow. 

204 W. 0. Bond. 

205 Christian Mayer. 

206 Archytas. 

207 Aristotdes. 

208 hhidoxus. 

209 Alexander. 

210 Egede. 

211 Great Alpine Valley. 

212 Grove. 

213 Mason. 

214 IMana. 

215 Burg. 

216 Baily. 

217 Uanidl. 

218 Posidonius. 

219 Ohacoriiac. 

220 Le Munuicr, 

221 Rociner. 

222 Bond. 

223 Maury. 

224 Tattrow. 

225 Newcoiub. 

226 Dawes. 

227 Pliuius. 

228 Ross. 

229 Madear. 

230 Sosigciu^M. 

231 Julius C;mr. 

232 BoseovitJu 

233 'raipiet. 

234 Menekius. 

235 Suli)iduH Galina. 

236 Bessd. 

237 Liund. 

238 Aratua. 


■contimiecL 


239 Conon. 

240 Manilius. 

241 Ukert. 

242 Triesnecker. 

243 Hyginus. 

244 Agrippa. 

245 Godin. 

246 Ritter. 

247 Sabine. 

248 Dionysius. 

249 Manners. 

250 Arago. 

251 Ariadteus. 

252 Silberschlag. 

253 De Morgan. 

254 Cayley. 

255 wile well. 

256 Oalijipus. 

257 Thejetetus. 

258 Cassini. 

259 Aristillus. 

260 Autolycus. 

261 M 6 sting. 

262 Lalande. 

263 Ilcrscliel. 

264 Ptoleniams. 

265 Alphousus. 

266 ArzaclieL 

267 Alpetragius. 

268 .Lassell. 

269 Davy. 

270 Querik6. 

271 Parry. 

272 Bonpland. 

273 Era Mauro. 

274 Thobit. 

275 Straight Wall 
270 Birt. 

277 Purhach. 

278 Regiomontanus. 
270 lleU. 

2S0 Pitatus. 

281 llesiodus. 

282 Gaurieus, 

283 Wur/elhauer. 

284 Sasscrides. 

285 Ball. 

286 Lexell. 

287 Nasireddin. 

2SH Oroniius. 
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289 Pictet 

290 Saussure. 

291 Tycho. 

292 Heiiisius. 

293 'Wilhelm I. 

294 Longomontanus. 

295 Street. 

296 Maginus. 

297 Deliic. 

298 Claviiis. 

299 Cysatus. 

300 Moretus. 

301 Short 

302 iN^ewton. 

303 Gruemherger. 

304 Cabeus. 

305 Casatus. 

306 Klaproth. 

307 Wilson. 

308 Kirclier. 

309 Bettinus. 

310 2ucbius. 

311 Segner. 

312 Blancaaus. 

313 Scheiner. 

314 Weigel. 

315 Rost 

316 Bailly. 

317 Schiller. 

318 Bayer. 

319 Pingr4 

320 Hausen. 

321 Phocylides. 

322 Wargentin. 

323 Schickard. 

324 Drehbel. 

325 Inghirami. 

326 Hainzel, 

327 Lehmann. 

328 Lacroix. 

329 Piazzi. 

330 Lagrange. 

331 Fourier. 

332 Vieta. 

333 Doppelmayer- 

334 Lee. 

335 Vitello. 

336 Olansiua. 

337 Capuanus. 

338 Cichus. 
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339 Mercator. 

340 Campanus. 

341 Kies. 

342 Biillialdus. 

343 Lubiniezky. 

344 Kicollet. 

345 Hippalns. 

346 Agatharchides. 

347 Gassendi. 

348 Herigonius. 

349 Letronne. 

350 Merseniiis. 

351 Cavendish. 

352 Byrgius. 

353 Eichstadt. 

354 De Yico. 

355 Ilainsden. 

356 Billy- 

357 Hansteeri. 

358 Sirsalis. 

359 B’ontaiia. 

360 Zupus. 

361 Crilger. 

362 Rocca. 

363 Grimaldi. 

364 Bamoisean. 

365 Eiccioli 

366 Imhrmann. 

367 Hermann. 

368 Flainsteed- 

369 Wichinann. 

370 Euclides. 

371 Landsberg. 

372 Gamhart. 

373 Sdiumering. 

374 SchrOter. 

375 Pallas. 

376 Bode. 

377 Beinhold. 

378 Ilortensius. 

379 Milichiiis. 

380 Copernicus. 

381 Stadias. 

382 Eratosthenes. 

383 Gay Lussac. 

384 Tobias Mayer. 

385 Kunowsky. 

386 Encke. 

387 Kepler. 

388 Bessarion. 


389 Reiner. 

390 Marius. 

391 Ilevel. 

392 Cavaleriiis. 

393 Gibers. 

394 Cardanus. 

395 Krafrt. 

396 Tasco de Gania. 

397 Seleucus. 

398 Marco Polo. 

399 Archiuiedes. 

400 Beer. 

401 Tiinocharis. 

402 Laml)crt. 

403 Pytkeas. 

404 Euler. 

405 Diopliantus. 

406 Belislo. 

407 Caroline llerschel. 

408 Cavliui. 

409 Levorricr. 

410 Helicon. 

411 Kirch. 

412 Piazzi Smyth. 

413 Idato. 

414 Timaiius. 

415 Binninghaiu. 

416 Plpigeues, 

4:17 Goldsc.limidt 

418 Anaxagoras. 

419 Fontenelle. 

42{) PhilolauH. 

421 Anaximenes. 

4:22 J. J . Cassini. 

423 Ooiulamiue. 
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425 Biancliiiii. 

426 Sharp. 

427 Mai ran. 

428 Eoaoault 

429 Ilarpalus. 

430 J. F. W. llerschel 

431 Anaximander. 

432 Pythagoras. 

433 South. 

43-1 P>uV>hage. 

435 G{lu()pi(le.«!. 

436 Robinson. 

437 Clcostratns. 

438 Xenophaim 
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439 Eepsold. 

440 Harding. 

441 Qdrard. 

44‘2 Lavoisier, 

443 Ulugh Beigh. 

444 Lichteuberg. 


445 Briggs. 

446 Otto Struve. 

447 Aristarchus. 

448 Herodotus. 

449 Wollaston. 
460 Schiaparelli. 
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6 Caucasus. 
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h Altjii Mountains, 
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n Percy Mountains. 

0 Harbinger Mountains, 
p Hercynian Mountains. 
q Pico. 
r Piton. 
s Mt. Argseus. 
t Mt. Hadley. 
u Laplace Promontory. 

V Mt. Huygens. 
w Mt. Bradley. 

near the Limb : — 


U’Alembert Mts.— on the east limb, extending from S. lat. 19® to N. lat. 12®. 

The Oordillonis— near the east limb, extending from S. lat. 23® to S. lat. 8°. 

The Rook Mountains— on the east limb, extending from S. lat. 39® to S. lat. 16®. 

The Doerfel Mountains — on the south-east limb, extending jfrom S. lat. 80® to S. lat. 57®. 
The Leibnitz Mountains extend from S. lat, 70® on the west limb to S. lat. 80® on the 
east limb. 

Humboldt Mountains— on the west limb, extending from N. lat. 72® to N, lat. 63®. 
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CHAPTER VI.— THE SKY MONTH BY MONTH, AND THE 
INDEX TO THE PLANETS. 

Platiss 39—50. 

THE MONTHLY MAPS- 

The diurnal rotation of the earth gives rise to an apparent revolution qf the celestial 
sphere in a period of one sidereal day. In consequence of this movement the appearance of 
the sky is continually changing, so that to the beginner it is often a matter of considerable 
difficulty to know where to look for any particular star or constellation. 

As the sidereal day is about 4 minutes shorter than the ordinary mean solar day, the effect 
produced is a gradual shifting of the stars from east to west,— a star which occupies a certain 
position one night, reaches the same position 4 minutes earlier the next night, so that at the 
end of a month this position is attained 2 hours earlier than at the beginning. 

In order to render these changes easier to follow, and to enable the student to identify 
the princi|)al constellations without difficulty, and to know where any particular star or 
group of stars is to be found at any time, Plates 39 — 50 are used. They represent the positions 
of the principal stars down to the 4th magnitude at intervals of 2 sidereal hours. The first 
shows the aspect of the heavens at midnight on January 16th, the sidereal time then being 7h. 
37m. This map will also represent the appearance of the visible hemisphere at the times 
shown in the corners at the top. Thus we find that the first of the monthly maps may be used 
in February at 10 r.M., in March at 8 p.m. From April to September inclusive, the stars will 
occupy the positions here indicated during the daylight hours, when they will be invisible ; but 
in October this aspect of the sky may again be seen at 6 a.m., in November at 4 a.m., and in 
December at 2 a.m. To find the right map for any month and hour we can make use of the 
following Table. 

TABLE TO FINI) THE ASPECT OF THE HEAVENS AT ANY GIVEN 
MONTE AND HOUR OF NIGHT. 



1».M. 

41l. 

P.M. 

eh. 

P.M. 

8h. 

P.M. 

lOh. 

Mi(l- 

iiiKhfc. 

121i, 

A.M, 

2h. 

A.M. 

4h. 

A.M. 

fell. 

A.M. 

Sh, 

January.... 

47 

48 

49 

50 

39 

40 

41 

42 

43 

kkil)ruary . , 


49 

50 

39 

40 

41 

42 

43 


March ...... 


60 

39 

40 

41 

42 

43 

44 


April ....... 



40 

41 

42 

43 

44 



May 



41 

42 

43 

44 

45 



June 



42 

43 

1 

44 

45 

46 



July 



43 

44 

46 

46 

47 



August .... 



44 

45 

46 

47 

48 



September, 


44 

45 

46 

47 

48 

49 

50 


October 

46 ' 

46 

46 

47 1 

48 

49 1 

50 

39 


November.. 


46 

47 

48 

49 

50 

39 ' 

40 

41 

December. . 

46' 

47 

48 

49 

60 

39 

40 

41 

42 
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Examptfs op nil tJsr of this Table 

I To find tho map suit iblo foi 10 ? m in M ucli Tiko the thud low, and uiidci 10 i m 

IS found 40 This means PI ite 40 

II What map should be used at 7 30 r m m November ? On the eleventh low we liud 

47 under 8 pm, and as 7 30 is nearer to 8 than to 6, wo accoidmgly choose PI ite 47 

It will of course be understood that the m ips have been designed to repiosciit the ippc ir 
ance of the sky on the 15th of each mouth, it tho hours mentioned The changes iic, howcvti, 
so slow that for most pin poses they will bo ioiind suthdcntly applicable to the whole mouth 
If however, greater precision is desired, it cm be obt lined by suhtiading half an lioui liom 
the tune given on the mip ^or each week at let, or atkhng halt an houi foi oich week btfox. 
the middle of the month PI itc 39 is thus (iiiito accuritc at U v M on the 30th ol J inu uy, 
or at 8 30 p M on March 8th , similirly Plate 11 is concct at 5 a M on the 30th December, or 
at 11 PM on the 1st April 

These maps have been eonstiucted toi tho latitude 53^ 23 N They will thus he suit iblt 
for all puts of the British Isles The bounding ciielo icpiesents the lioiizon, iiid the snull 
cross at the centre marks tho position of the /eiiitli The piojectiou used is such tint the 
distance of each stu fiom tho eeutio of the mip is propoitiunal to the stii’s /eiiitli distaiiee 
The angle which the lino joining *1 sku to the zenith makes with tho ccnti il nioiielun is tlu 
azimuth of the star 

As the celestial sphere is viewed fiom tho inside, the extelmal points iie not disposed on 
these maps as m a terrestrial atlas In the present case, when the north is at the te>p, the we^t 
will be on the right, and the east on the le ft 

If we wish to compare any icgion of the sky with the map, we suppose a radius eliawu 
through the middle of this legion, and tho point wheie it cuts the circumferonco of tho 
map gives us the azimuth Turiuug oux face towaids this point of the compass, wo hold 
the map so that tho coi responding point of the oircum^erenco is lowest, iiid, rcmcmbeiuig 
that the centre of tho ciiele icprese iits tho /onith, we have on the map a pictuie of the coius 
ponding position of the sky For iiist uu Oj if W( wish to find the constellation Loo at midnight, 
m the middle of Maich, we find from Map 41 that tho ladius drawn through the iriiddlc ol it 
cuts the cucumfereneo at about f ths of tho way from south towards west We accoi diiigly turn 
to that pomt of the hoiizon, and wo can leachly find this constellation The brightest siai, 
Eegulus, will be then almost OKiu tly half way between the zenith and horizon, or at an altitude 
of 45®, while the “Sickle,” which forms the fbro part of this constellation will be found lilted 
over towuds the west If wo turn a little fuithor towuds the west, we shall find the two 
bright stars, Castor and Pollux, a little lowei m tho sky, the line pinuig them being nearly 
honzontal Again, if in Octoboi, at 10 r M , wo wish to examine “ The Plough,” as the gioup 
formed by the principal stars m Ursa Major aio called, we go to Plate 47 and find this gioup 
almost due north We have aceoulmgly to turn tho map upside down, so as to bung tho noi th 
point lowest, and we then see this figiue stretching acioss the sky in a horizontal diioction, at 
an altitude of about 20® If wo turn to the north oast, wo again find 0 istor <ind Pollux )ust 
above the horizon, but this time the line joining them is very nearly vertical 

The names of the constellations have boon printed on the maps, so that when tho maps 
are hdd m the proper position for any constellation its name may be erect 

As the student becomes more familiar with tho stars, he will probably wish to identify 
many lamter groups that do not appear on these plates In order to enable this to be done 
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ith facility, the faint dotted lines Imye been inserted which mark the boundaries of the 
sgions whicli each of the plates, 51—70, of the general Atlas, cover on the sky. These lines 
ppear everywhere in pairs, the spaces between the pairs being the areas by wliich the 
nips overlap each other. The numbers within the regions thus marked out are those of the 
5rresi)nu(ling i)lates in this volume, where more detailed maps of the same part of the sky 
dll be found. Thus in Plate 40 we find the constellation Leo almost wholly contained in 
he space eona'sponding to Plate CO, and some of its principal stars in the space common to 
dates 54, 55, and (10. If we turn to Plate 60 we shall find the whole group on a much larger 
cale, wliile 54 and 55 show the more northern parts of this constellation. 


THE INDEX TO THE PLANETS. 

It is a special olvjcct of this work to indicate from month to month and from year to 
year the positions in the sky of tlie principal planets. Let it be once for all understood that 
those who want exact positions must seek for them elsewhere— in the Nautical Almanac for 
example. What is here given is an index to the planets sufficient for the following 
pui'iioses : 

(1) To find the place in the heavens which each principal planet occupies in each month 
of the years 1901—1950. 

(2) To find when any principal planet rises, or souths, or sets. 

(3) To determine thence the best season of any year for the observation of the planet. 

(4) To find tlie name of a planet when the time and place of its appearance are known. 

Tlie following table ^ves the dates of the Planetary Phenomena described at the head 
of each column, 



planetary phenomena 



Vfnus 

X h'xsc 

Greatest L lon^ation jj^ra Jupiter Saturn of 

in in in Saturn 

Evenmfe Mornin, Opposition Opposition Opposition I 


Apnl 

November! 


February 

beptembei 

Apiil 

Noveuibei 


February 

Septembci 

Apnl 

November 


November 


J imniy 
Fcbriniy 


February 

Septembei 

Apnl 

November 


Febi uary 
Septembei 

Apul 

November 


Febiiniy 

Septembei 

Apnl 

Novembei 


August 

October 

December 


M 11 ch 
May 
I June 
July 
August 
September 
October 
Novembei 

January I 
b ebruaiy ' 

March 

Apul 

May 

June 

July 

August 
Septembei 
Octobei 
I December 


Febi uary 
September 

April 

November 


Febiuaiy 

September 

Apnl 

Novembei 


February 

Septembei 

April 

November 


Febi uary 
September 

April 

November 


January January 

— Februaiy 

Much Mauh 

— Apul 

Apul May 

— June 

May July 

— August 

July September 

— November 

September December 

December January 

— bebuiaiy 

— Maich 


October 10 

M o vembei 1 1 
November 11 
Oecembei 12 
J>ecembei 12 
Decembei 13 

__ I 

January 1 
Janiiiiy 1 
Febiuai> 2 
Febi uary 2 

M 11 ch 3 

March 3 

April 4 

Apnl 4 

Apul 4 

I Miy 5 

I M ly 5 

June 6 

June 6 

J une 

Jul} 

July J 

August 8 

August 8 

August 8 

Septembei 9 

Septembei 9 

October 10 
October ] 0 
November 11 

November 11 
N o vembei 1 1 
December 12 
Decembei 12 
— 1 


— January Apul J’auuary 1 

January — May Jauuaiy 1 

September Febi uary June February 2 
— — July February 2 

April March August March 3 






THE INDEX TO THE PLANETS. 


Since Mercury and Venus more in orbits lying between the Earth and the Sun, they 
appear from the Earth to be always comparatively near the Sun, and are visible consequently 
only in the hours succeeding sunset or preceding sunrise. On the average they are most 
favourably seen at the times when their angular distance from the Sun is greatest— the times 
of greatest elongation. But the circumstances are greatly modified by the season of the year 
at which these times fall. The planets move nearly in the Ecliptic. In the spring, even in 
latitudes as far north as England, at sunset the Ecliptic rises steeply above the western 
•horizon, and the planets are correspondingly high for a given elongation from the Sun. In 
autumn, at sunset, the Ecliptic lies low along the south-western horizon, and the planets are 
correspondingly low. 


MERCURY. 

It follows from what has just been said that Mercury is best seen after sunset, when it 
comes to greatest elongation east of the Sun in the spring, and best before sunrise when it 
comes to greatest elongation west in the autumn. We have given, therefore, in the table of 
Planetary Phenomena for Mercury, the week about the dates of greatest elongations east and 
west, which come respectively in spring and autumn ; and these are in general the most 
favourable times of year for finding the planet. Owing, however, to the considerable inclina- 
tion, T, of the planet^s orbit, some spring and autumn elongations are much more favourable 
than others, and exact details for each year must be obtained from the Nautical Almanac, 
Mercury moves so quickly among the stars, completing a circuit from conjunction to 
conjunction in 116 days, that it is not possible within the limits of this work to give an index 
to Mercury, as is done for the other principal planets. 


VENUS. 

The fourth and fifth columns of the Table of Planetary Phenomena give the month in 
which Venus attains her greatest elongation east and west of the Sun. At these times she is 
at her greatest angular distance from the Sun, and there is then on the average the greatest 
chance of seeing her well. But the advantages in this respect of different elongations ate 
profoundly modified by the time of year at which they occur. For some months before 
the time of greatest eastern elongation Venus is well to the east of the Sun, and if it happens 
that the time of year is spring when the Ecliptic rises steeply above the westom horizon, she 
will be a long way north as well as east of the Sun, will set all the later in consequence, and 
will be seen under more favourable conditions, though not so bright as when she reaches 
greatest elongation, a month before she is most brilliant. Taking everything into account, in 
northern latitudes Venus is at her best as an evening star when she comes to greatest ©ld^“ 
gation east in June or July. She is then conspicuous after sunset all through the spring 
months, but is low and not so well seen by the time, she reaches greatest brightnesB. If, on 
the other hand, she comes to greatest elongation eastern February, and tO'grealj^t])rightna0S 
in March, she makes a less prol(Higed but more splendid appearance. Bearing in mind that 
the factors to he taken into account are (1) elongation, (2) distance north of the Sun, 
(3) brightness (greatest a month before western elongation), it will not b® difficult to frame 
similar rules for her appearances as a morning star. 
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The Index to Venus, by 'which title we have designated the following table, on ibles the 
approximate position of the planet to be readily ascertained for any month up to the end of 
1960 At the top of the index the names of the months aie given in i hoii/ontxl low The 
first column gives the year Coriespondmg to each mouth of each yeai the mchx shovs a 
number, which is the number of one of the monthly maps, 39—50 The planet will be found 
in the region ot the sky where the cential ineiidian of the map cuts the ‘‘Ti xck ot the PI inets ” 

It must be remembered that, as the unit of time adopted in this index, as well is ui those 
of the other planets, is a month, and as the locality can only be indicated by dividing the 
Track of the Planets,*' around the heivens into twelve poitious, no close pieeision need bo 
looked for No doubt in the great majority of cases the map named in the index will be thxt 
whore the central meridian lies neiicst the planet In othei words, the place of the pi met is 
given to within an hour It may, however, happen in extreme conditions tint the nup 
indicated is not the best one, but m such cases the right map always lies next to tli it to v huh 
the index ro eis Even when this hippcns, the purposes of the index aio not fiusti itid, for 
the planet will he so neai to the position m question, that its identifieition will be uimiibt ik 
able, unless on the rare occasions when two pi incts happen to lie close together 


Ex^mplvs to Iflustrate thi- Usi OP THE Indix to Vinus 
Exaimle 1 — ^Wliat will be the aspect of Venus m Mai eh, 1032 ^ 

Solution —The index f.ives for Maich, 1932, the number 49 On tins Phte the 
centr \1 meudi m cuts the “ Tiack of the Planets ’* in Tiuriis This is llu legiuii 
ot the sky Kquued We can also find when this legion is ibovc the horizon 
in England Tho Table at the top ol Plate 40 shows that it is on the meiuhau 
ibout 4 p m in March It will be well above the western hoiizon, thciolore, at 
sunset, and Venus will bo splendidly conspicuous 
Fxample 2 — Where will Venus bo when brightest as an evening star in 1913 ? 
Solution --The Table of Planetary Phenomena shows that in 1913 Venus is at 
greatest elongation east in June She will, therefore, be brightest m July Tho 
index gives for 1943, July, the number 40, and the corresponding (hart shows 
that Venus is m Loo Tuimiig forward to plites 43 and 44 ve stt that at 
about 10 pm in July, Venus will be setting in the N W , and as tho twilight 
will be stiong tho planet will not appear to great advantage 
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INDEX TO VENUS. 


A.D. 

Jan. 

Feb. 

March 

April 

May 

June 

July 

August 

Sept. 

Oct. 

Nov. 

Dec. 

1910 

46 

46 

46 

47 

48 

49 

50 

39 

40 

41 

43 

44 

1911 

45 

47 

48 

49 

50 

40 

41 

41 

41 

41 

41 

42 

1912 

44 

45 

46 

47 

49 

50 

39 

40 

42 

43 

44 

45 

19 

47 

48 

48 

49 

48 

49 

49 

39 

40 

41 

42 

43 

1914 

45 

1 46 

47 

49 

50 

39 

40 

42 

43 

43 

43 

43 

1915 

44 

45 

46 

47 

48 

49 

50 

40 

41 

42 

44 

45 

1916 

46 

47 

49 

50 

50 

50 

50 

39 

40 

41 

42 

43 

1917 

44 

46 

47 

48 

49 

39 

40 

41 

42 

44 

45 

45 

1918 

45 

45 

46 

47 

48 

49 

50 

39 

40 

42 

43 

44 

1919 

46 

47 

48 

49 

60 

40 

41 

41 

41 

41 

41 

42 

1920 

44 

45 

46 

47 

49 

50 

39 

40 

42 

43 

44 

45 

1921 

47 

48 

48 

49 

48 i 

49 

49 

39 

40 

41 

42 1 

43 

1922 

45 

46 

47 

49 

50 

39 

40 

42 

43 

43 

43 

43 

19-23 

44 

45 

46 

47 

48 

49 

50 

40 

41 

42 

44 

45 

19-24 

46 

47 i 

49 

60 

50 

50 

50 1 

39 

40 

41 

42 

43 

1925 

44 

46 

47 

48 

49 

39 

40 

41 

42 

44 

45 

46 

1926 

45 

45 

46 

47 

48 

49 

50 

39 

40 

42 

43 

44 

19-27 

46 

47 1 

48 

49 

50 

40 

41 

41 

41 

41 

41 

42 

1928 

44 

45 

46 

47 

49 

50 

39 

40 

42 

43 

44 

45 

1929 

47 

48 

48 

49 

48 

49 

49 

39 

40 

41 

42 

43 

1930 

45 

46 

47 

49 

50 

1 

39 

40 

42 

43 

43 

43 

43 

1931 

44 

45 

46 

47 

48 

49 

50 

40 

41 

42 

44 

45 

1932 

46 

47 

49 

50 

60 

60 

50 

39 

40 

41 

! 42 

43 

1933 

44 

46 

47 

48 

49 

39 

40 

41 

42 

44 

45 

. 45 

1934 

45 

45 

46 

47 

48 

49 

50 

39 

40 

42 

43 

44 

1935 

46 

47 

48 

49 

50 

40 

41 

41 

41 

41 

41 

42 

1936 

44 

45 

46 


49 

50 

39 

40 

42 

43 

44 

45 

1937 

47 

48 

48 

49 1 

48 

49 

49 

39 

40 

41 

4*2 

43 

1938 

45 

46 

47 

49 

50 

39 

40 

42 

43 

43 

43 

.43 

1939 

44 

45 

46 

47 

48 

49 

50 

40 

41 

42 

44 

45 

1940 

46 

47 

49 

60 

50 

50 : 

50 

39 

40 

41 

42 

43 , 

1941 

44 

46 

47 

48 

49 

39 

40 

41 

42 

44 

45 

46 

1942 

45 

45 

46 

47 

48 

49 

50 

39 

40 

42 

43 

44 

1943 

46 

47 

48 

49 

39 

40 

40 

40 

40 

40 

41 

43 

1944 

44 

45 

46 

48 

49 

50 

39 

41 

■ 42 

43 

44 

45 

1945 

47 

48 

48 

49 

48 

49 

'49 

39 

40 

41 

42 

43 

1946 

45 

46 

47 

49 

50 

39 

40 

42 

43 

43 

43 

43 

1947 

44 

1 45 

46 

47 

1 

49 

50 

40 

41 

42 

44 

46 

1948 

46 

' 47 

49 

60 

50 

50 

60 

39 

40 

41 

^ 42 

43 

1949 

44 

46 

47 

48 

i 49 

39 

40 

41 

42 

44 

45 

1 ,45 

1950 

45 

45 

46 

47 

48 

49 

50 

39 

40 

42 

43 

44 
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POPULAR GUIDE TO THE HEAVENS 


MARS 

We have already explained, m connection with Plate 6, the phases of Mars and tlie 
effect of the eccentricity of his orhit, whereby the distance of the planet, and its consequent 
apparent diameter, is dependent upon the time of year at which opposition occurs — the most 
favourable date being the end of August, and the least favourable the end of Pebruary Tt 
should not be forgotten, however, that m countries as far north as England, Mars at an 
August opposition is very low down in the south, and unfavoinibly placed for telescopic 
scrutiny It may well happen that at an opposition occiirmg latei in the yen, say in October, 
the planetary detail is better seen, because of the gi cater elevition at which the planet crosses 
the mcruliau, il though the planet is farther awiy and appaiently sinxllei 

The conditions for a favoiuable view of Mars and other exterior pi inets are much simpler 
than those for Venus and Meioiuy The pi met is best seen when it is m opposition to the 
Sun , it is then on the inendi in it midnight, ind is up for piactically the whole of the night 
The tabic ol pi met iry phenomena givts the dates of the opposition of M irs, and wc c m 
judge from them at once how favourable the opposition will he The Index to M iis t n ihks 
us to find in what icgion of the sky the planet will he at any time 

Examples to Iltuspratf am Use oi nii- Index lo Maes 
Example 1 —Enid the place of Mars m August, 1930 

Solution — The Index gives the rcfemice 45, and the coiiesnonding clnit shows 
that the planet lies between Oipnconuis and Sagittinus It is on tlu 
meridian \bout 10 p m , but is ( onsidcr ibly south A rcfcuuc c to the Tablt of 
Planetary Phenomona shows that Opposition oceuired in July, which is not a 
very favourable case, and, since tne planet is also i ai south, it will not be veiy 
favouiably placed fox observition m England in August, 1939 
Example 2 — When is Mais on the Mciidim in M arch, 1921 ? 

Soluf%on — The index gives 48, and the corresponding map shows that Mats is in 
Aries Reference to the table m the top corner si ows tint Aiies is on the 
meridian at 2 pm m Maicli^ the planet will, theieloic, not bo ■visible on 
account of daylight 
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INDEX TO MARS. 
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POPOTAB GtriDE 10 THB HEAVENS 


JUPITER 


- if-ricitv of Jupiter’s oibit is not hrirc, iiid it lies fir outside the orbit ot 

wlrfh JeelTive oppositions of the pluict, ovoiy Unite tii months, would be almost 
the Mitii, _.pTp it not for the fact that it i suminu oppontiou the plniet is alwiys 

equally ^ winter opposition it is hi,Ui 'I’lio elites ot opposition tioin 

9 To“lSlu"he Table of PUnctiry Pliuioenoni I'he position ot the planet in 
the sky at any time cm be found as usual from the followiim m.lcv 


EX4.MPLES TO iLLUSTRiVrE Xllt Usi OK LUK InDI ^ TO JUPtrEK 

Examplel—ln what part of the hexveiis will Tiipitor he m Jnmary, 19i5 % 

Solution— index to Jupiter gives foi this inouth the iiuinbei 41, xnd the 
corresponding Plate sliow& that tiu pi met is httwoui Leo xnd Vngo, xnd 
consequently close to the oquatoi Tlie Tibh xt tlic top shows thxt this 
reo-ion IS on the meridiin about 1 am m J xnuxiy The pi met will theiefuro 
rise about 10 p m , and will bo well visible <x(t( i niidmght 

Example 2 —In July, 1919, a bright planet is Hceii m the west it sunset Is it 
Jupiter^ 

Solution —Hhe index to Jupiter gives lor July, 1019, the reference to chart 10, 
which shows that Jupiter is a little to the west of the Sickh iii Leo Tumiugon 
to Plates 43 and 44, we see that the Su kle is low down al 8 p m , <xml is on the 
horizon at 10 p m Jupiter will therefore Ik h( ih ely visiblt' xt Sunset, xnd the 
planet in question IS prob ihly not hipitu itoiciuioe to tlic index to Venus 
shows that the planet is Venus 
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POPULAR GUIDE TO ini' III AVLN-^ 


SATURN 


What we have said of Jupiter applies oqiully well to Siturn An opposition is 
^ 1-1 r according os the pliiiet is lu tlu noi thorn or bouthorn pirt of tho 

edi ti But there is tli® further consideration, tli it in the telo^copu a great dc il, uid to 
SSedevLomethmo-. depends upon whether the rings no seen will open oi closed up 
When the are fuUy open the planet is nearly i m ignitude hrightu thin when they aio 
edirewise For the appearance of the rings at any time leleuuoo may bo mido from tho lust 
cofunm of the Table of Planetary Phenomena to Plate 6 


Examples to iLLU&rRATi im Usi ot lui IndI'\ to Saturn 

Example 1 —When will Saturn be lound noai the Ph i ulos ? 

Solution— The Pleiades are close to llio cential luuidun of Chart 40 Tho indot 
gives the reference number, 40, tor Satiun fium Miy, 1011 to May, lOH 
Durm<' these two yeais tho planet will pass horn west to oast across tho section 
of the ** track of the pi mots” cenhal on Oh irt 40, and will bo close to tho Ph i wlos 
m the summer of 1912 Tho last i oluiuu ot tho Table ol PI mot u y Phe uonuMia 
gives the number 11, and rofc'rence to Plato 6 shows that tho rings aio open 
nearly at their widest extent A lopctition ot tho circumstiiue ocems m 
1941 and 1942 

Example 2 — ^When will Saturn bo found noar tho moudian at 10 p m in Ptbriui y 1 

Eeference to tho monthly mips shows that tho legion of tho sky whu h 
comes to the meridian at 10 p ni lu Fobuinry is on tho moiidian at nuduight m 
Januuy, and the Index number is 39 Wo thorofoio look foi this immlKi in 
the Index to Saturn m the column foi Fcbuxiry, and hnd the years 1917, 1918, 
1946, 1947 In these years tho planet will bo on tho mondian about 10 p m 
m February 
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INDEX TO SATUEN. 


A.D. 

Jan. 

Feb. 

March 

April 

May 

June 

July 

August 

Sept. 

Oct. 

Kov. 

Deo. 

m 

48 

48 

48 

48 

49 

49 

49 

49 

49 

49 

49 

49 

Kta 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

1913 

49 

49 

49 

49 

49 

50 

50 

50 

50 

50 

50 

50 

1914 

60 

50 

50 

50 

50 

50 

60 

50 

50 

50 

50 

50 

1915 

50 

50 

60 

50 

50 

50 

60 

50 

50 

50 

50 

50 

1916 

50 

50 

50 

60 

50 

50 

39 

39 

39 

39 

39 

39 

1917 

39 

39 

39 

39 

39 

39 

39 

39 

39 

39 

39 

39 

1918 

39 

39 

39 

39 

39 

39 

39 

40 

40 

40 

40 

40 

1919 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

1920 

40 

40 

40 

40 

40 

40 

40 

40 

41 

41 

41 

41 

1921 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

1922 

41 

41 

41 

41 

41 

41 

41 

41 

41 

42 

42 

42 


42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

1924 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

1925 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

43 

43 

1926 

43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

mmm 

43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

44 


44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

1929 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

1930 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

1931 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

1932 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

1933 

45 

46 

46 

46 

46 

46 

46 

46 

46 

46 

40 

46 

3934 

46 

46 

46 

46 

46 

46 

46 

46 

46 

48 

46 

46 

1935 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

1936 
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the naming of an unkown planet. 

mil sometimes notice a bright star like object which he knows is not a 
Star^or it ^not'repr®®®”*®'^ desires 

to find its tliat the object must be one of the four bodies— Yenns, Mars, Jupiter, 

or Samm^^ With the aid of the PI met iiy Index it is a simple matter to determme which of 
the four the unknown object must be 

We wiU illustrate the process by two examples — 

P „lg 1 —In May, 1937, a planet is seen in the south at midnight It is 
*°certainlj, therefore, not Yenus Plait, 43 shows that it is m Scorpio, and its 
mdex number is 43 The iiulcv Humbert, m May, 1937, for Mars, Jupiter, and 
Saturn are respectively, 43, 43, 47 The planet is therefore Mars This might 
also be inferred from the T ible of Planetary Plienomeni Since the planet is 
near the meiidiaii at midnight it is close to opposition , and m 1937 the table 
shows that Jupiter is in opposition in July, Saturn in September, and Mars 
m May 

Example 2 —In April, 1916, two planets will be seen at 8 pm, not far from one 
smother, fairly well up in tlio west, and a third is m the so^^tll Name the 
planets' Chart 40 gives the aspect of tho sky at 8 pm in April, and tlio 
planets in the west will bo m Taurus or Gemini , that m the south will be m 
Leo, and its mdex number will bo 40, tho number of the chart To find the 
ind^ numbers of the others we must turn to the chart which shows the region 
between Taurus and Gemini on the central meridian, that is, to Chart 50 The 
mdex numbers of the two planets in the west will probably both be 50, but may 
possibly be 49 or 39 The indexes for April, 1916, give for Venus 50, for Mars 
40, for Jupiter 48, and for Saturn 60 Tlio planet m the south is therefore 
Mars In the west are Saturn and Venus , tho latter will be the brighter of 
the two 
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CHAPTER VIL—THE STAR MAPS. 


Plates ol to 70. 

The student who has made himself familiar with the appearance and movemonts of tlio 
Constellations, and has acquired a facility in identifying the brighter Stars, will soon feel tlio 
need of something further. More especially will this be the case if he has tli(i use of a 
telescope of even moderate dimensions ; and it is to meet these requirements that the Star 
Maps on Plates 51 to 70 have been prepared. 

The first step in drawing a map is to decide on the nature of the projection to be 
employed. It must be understood that no flat maps can give a perfectly faithful representation 
of a curved surface, and whatever method of projection is resorted to, the result must represent 
the surface in a more or less distorted form. The Stars appear to be situated on the surfacse 
of a sphere, and however we may attempt to depict them, we cannot include any largo portion 
of the sphere exactly as it appears to the eye. The form of projection whi(jh I have used 
in these maps is that known as the conical projection, and in adopting it I follow Argehmder, 
who employed this method in his great Durchmusterung Atlas, which represents more tlnm 
300,000 Stars in the ISTorthem Hemisphere alone. 

Imagine two cones touching the sphere around the 
circle of 45° decimation, north and south. These are 
intersected by tangent planes at the Poles, and by a 
cylinder touching the sphere around the Equator; see ad- 
joining figure. Each star on the sphere is joined to the 
centre, and the joining line when produced necessarily 
cuts some one of the enveloping surfaces in a point whicl x 
is the projection of the star. The equatorial gii*dle and 
the two cones are each divided into six equal parts, 
which admit of being laid out flat j and the eighteen 
parts thus obtained, together with the two polar planes, 
make up the twenty maps which represent the entire 
sphere. 

The top and bottom margins of each of these maps, 
with the exception of the first and last, are divided so 
as to read Eight Ascensions. 

Only the hour lines have been drawn on the maps, 
so as to avoid overcrowding, and for the same reason 
only the circles corresponding to every tenth degree in 
Declination have been given. But by the aid of the divisions around the margin, it is easy to 
read the position of a star, or to enter any desired object with all requisite accuracy* For this 
purpose it will be found convenient to copy the scale in Declination, which is given on the 
margin of each map, on the edge of a sheet of paper. If, then, it is desired to enter on the map 
the position of any object (say a comet) whose E.A. and Declination are known, it is only neces- 
sary to set this sheet of paper so that the graduated edge cuts the top and bottom circles at 
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the E.A. of the object, and to put a dot on the map at the point of the scale corresponding to 
its Declination. the position of any object entered on the map may be read 

off In the case of* maps 51 and 70, the method of reading off positions is somewhat different 
In'these the declination scale will he found on the radius corresponding to 0^-, 6^i-, 12^. or 24h.' 
This scale should be rotated around the centre until it passes through the star whose position 
is required. The K-A. will then be found at the point of the circumference where the scale 
cuts it, and the Declination will be read from the scale itself. The epoch for which the places 
are given is 1880. 

It has been arranged that each zone of maps overlaps those north and south of it for a 
distance of five degrees in Decimation, and each map of a zone overlaps those preceding and 
Mowing it for a space of 40 mins, in R.A. 

In order to avoid breaking up conspicuous star groups, I have made the zero, from wliich 
the hour circles are measured, pass through the centre of the first map (No. 52) of the inter- 
mediate zones, while the same circle divides the first and last maps of the equatorial zone- 
By this mode of dividing the heavens it has been found possible to comprise each of the 
more striking configurations of stars within a single map. The only exception is the great 
square of Pegasus, which will be found on Plates 52, 58, and 63. For convenience in passing 
from one map to another, the numbers of the p’ates which represent adjacent portions of the 
sky have been printed just inside the margin. 

In the construction of these maps I have followed, to a great extent, the Uranometrie 
Generale of Hoiizeau. It contains all the stars visible to the naked eye under the most fiivoiir- 
able circumstances, and the number amounts to nearly 6,000. 

In the nomenclature of the stars, however, I have departed considerably from Houzeau, 
doing away in general with letters (other than those of the Greek alphabet), and substituting, 
wherever possible, Flamsteed’s numbers. 

I have followed Houzeau tliroiighout in the estimation of star magnitudes, as by so doing 
I obtained a uniform system over the whole sky, both in the Nortliern and Soiitliern Hemi- 
spheres, determined by a single observer in the same climate and within a sliort time. His 
work, besides, is more recent than that of Argelander, Ileis, or Behrmann. I have further, for 
simplicity, limited the number of magnitudes given by Houzeau to six, namely, 1, 2, 3, 4, 5, 
and 6, wliich will be found sufficient for all ordinary purposes. These I have indicated on the 
maps themselves, as shown by the scale at the foot of each map, where, in addition to the size 
of the dot representing the star, its magnitude is denoted by the number of rays diverging from 

Thus all stars of the first magnitude possess 6 rays, those of the second magnitude 6 rays, 
and so on. The magnitude of a star maybe found by siihtracting the number of the rays 
from seven, except for the sixth magnitude, in which case the single ray has been omitted, stars 
of this class being represented by a simple dot. 

Throughout the maps a large number of the stars will be found accompanied by the 
letter d. This signifies that the star, though appearing as a single body to the naked eye, 
is in reality double. Tins does not however denote necessarily any physical connection 
between the two stars, but merely that the point of light thus characterized will he 
found to break up into two with the aid of a small telescope. In many cases there is 
a real connection ; the two stars form a binary pair, and revolve round tlieir common 
centre of gravity- under the action of their mutual gravitation ; a number of the most 
interesting cases will be found in the list of select telescopic objects. In other cases, 
the connection is merely apparent ; the stars happen to be nearly in the same direction as 
seen from the solar system ; but they are probably at very different distances from us. 
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VARIABLE STARS. 

A number of stars will be found in the maps marked (Var.), which indicates that 
their light is not constant, hut is subject to fluctuations, in some cases perfectly regular, 
so that their times of greatest hriglitness can be predicted to the minute ; in other cases, 
more or less regular, so that their maxima can be predicted to within a week or a month ; 
in yet otlier cases, so irregular that no law has yet been found lor their variation. In 
the following tables I have given those variable stars which are plainly visible to the 
naked eye at least at tlieir maxiiniiin brightness. They may be easily identified Irom 
the st:ir maps. There are many hundreds of variable stars which never rise to naked 
eye Inilliaucy, but for their identification means more elaborate than those of the present 
work a, re required. Without detailed charts of the fainter stars it is very haid to find 
them. For information regarding them the student is referred to the lists published in 
the Coiiipanion to the Observaton/ j for tlieir identification one needs the stai maps ot 
Argehmder’s JJiirclimusteruug, and of the Coivloba Durchmusterung, or, better still, the 
Atlas of Variable IStars, published by Father Hagen, of Georgetown, D.C. 

ALGOL’* VARIABLES. 

Tliere is a small class of stars whose type of variation is characteristic, and of which 
the exi)la;nation is certain. The stars are partially eclipsed by a dark companion revolving 
round tliem. Algol is the typical star, wliich has given its name to the group. 

The type of variation of a variable star is best shown by the light curve. Idle light 
■curve of an invariable star is a horizontal straight line. A deci’ease of magnitude is shown 
by tlie line diiipiiig down, and if the curve is carefully draAvn, so that equal distances 
horizontally denote equal intervals of time, while etpial intervals verticaby denote equal 
•changes of magnitude, tlie curve is a complete representation of the light variability. 

Thius, for Algol, the ligdit curve is drawn thus 
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and the interpretation is as follows. Duriiig the greater pai't of the time the light of 
Algol is uniformly of magnitude, 2-3 ; but every 2 d. 20 h. 49 m, the star drops down 
to magnitude 3-6, and without pausing regains its original light, the whole change occupying 
9h. 20 m. The figure further .shows minima are predicted fur 100:3 (Decemher 12tl), at 
about 9 o’clock in the evening, and for December 15th, at G o’clock). 

The three Algol variables which arc visible to the naked eye are : 


Name. 

^ Persei (Algol) 

\ Tauri 

^ Librae 


It. A. Decl. 

3I1. -f- 40' 29' 

3 ni 4-12 9 

14: 55 - rS 2 


‘Rarijo-o oE 
Variation. 

2*3 to 3-6 
3-4 to 4*2 
5-0 to 0.2 


Period. 

2d. 20’^* 49 
3 22 52 

2 7 51 


These may be readily foniul Irom the star maps ; and tlic times when they undergo 
eclipse may be found in the Companion to the Observatory. 


SHORT PERIOD VARIABLES. 

Our second class comprises stars whi(di are rc.i^ula.rly variable in periods of not many 
days, but whose variation is not due to ecli|)sc by a dark ('OMi|)jtiiion. In many (aises 
the spectroscope has shown that those stars a, re binary, and it is probably so in all ; 
but the way in which the duphicity ol the star explains its vaibition is quite uncertain. 
The light variation is contimious, and by tlie sliape of the li,i4*ht curves, tliese short 
period variables are divided into two classes. In tlie lirst, the rise, to miixiinuin is steep 
and the fall to minimum gentle ; in tlie second tlie curve is syiiiinetiica]. The two 
types may be represented thus a— 




3 



THE STAB MAPS. 


53. 


Tlie following is a list of short period variables wliicli rise above naked eye brightness. 
They may be found upon the maps whose numbers are given in the last coin inn. 



R. A. 
li, m. 


Decl. 

nau,t!:e, 
in. 111. 

Poriod in DiiyH. 

3\Iap. 

1 Gerninorum 


57 

4- 

20'* 

45 

3-7 to 4-5 

10*15 

59 

Y Puppis 

7 

55 


48 

5 

4*4 to 5*2 

2*25 

m 

JN Vclorum 

1) 

28 


m 

30 

3*4 to 4*4 Xot well known 

60 

1 Oarinai 

9 

42 


01 

57 

3’7 to fi-iJ 

35*05 

66 

X 3 Sagittarii 

17 

40 

— 

27 

47 

4 to () 

7*01 

68 

W 7 i Sagittarii 

17 

57 

— 

29 

35 

4-8 to r.-s 

7*59 

68 

Y Sagittarii 

18 

14 

- 

18 

55 

5*8 to (16 

5*77 

62 

K Pavonis 

18 

45 


67 

23 

4*0 to 5*5 

9*1 0 

69 

/3 Lvne 

18 

46 


33 

13 

3-.t til 4Ti 

12*91 

57 

R LVrm 

18 

52 

-1- 

43 

48 

4'0 to 4'7 

‘16*-4 

57 

rj Aquilm 

19 

46 

-h 

0 

42 

3*5 to 4*7 

7*18 

62 

S Sagittm 

19 

51 

-1- 

16 

19 

5'() to (1*4 

8*38 

62 

T Vulpeciihe 

20 

46 

-H 

27 

48 

.5-5 to (iT) 

4*.14 

57 

0 Cepiiei 

22 

55 

4- 

57 

48 

37 to 4*9 

5.37 

52 

Ill case the limits 
. round numbers. 

of variation a,r 

0 not well 

determined, tlie 

magnitudes are g 


LONG 

PERIOD 

VARIABLES. 




Tlicsc stars liavc periods wliicdi average bedAveen 300 and 400 <lays, and only one n'gulai* 
variable is known to have a iieriod gre;iter tlian 600 days. Almost all tliese stars show at 
maximum bright lines of hydrageii in tludr sixmtra. ; they arc mostly cjipricions in tlndr 
behaviaur, rising liigher a.t some maxima tlian at otlun's, and sinking lower at some minima, 
Nothing is (Jortainly known ns to the eanse of tlieir variability, but theui is no ri^usuu to 
suppose that it is due in any way to a cuinpaiiion. 


The irioro conspieuous of the long l>criod varialiles are us follows i— 


0 

Ceti (Mira) 

K.A. 
h. m. 

2 13 


I 

3" 32' 

3 

to !»: 

I’ta'iml in 

I uys, 

331 

Mai 

58 

?/ 

Cleiniiioruni 

6 

8 


22 32 

3* 

2 to *1; : 

231 

59 

J o 

I*ui>])is 

7 

10 

- 

4-i: 27 

3 

fi to 0-3 

1 10 

66 

R 

(la rime 

9 

29 


62 15 

5 

: to 10 : 

30!) 

66 

R 

Hydne 

13 

23 


22 40 

4 

: to !)'7 

425 

61 


Cyffiii 

19 

46 


32 37 

5 

: tolJV!-. 

406 

57 

R 

Cassiopeim 

23 

52 


50 43 

5 

: to 12 

*121) 

52 


Where the inagnitnde given is tbllowed by a (mlon ( : ) It is sulijeefc to irregiiljirity. 


IRREGULARLY VARIABLE STARS. 

Tlie stars in the first three classes vary in periods whifli are, on tliewlmle, tin' Ii'sb 
regularly followed the longer the poriod We now cxmie, to a class (>f stjirs wlfnih Ibu-.iiuiin 
80 irregularly that no law of variation has yet been discovered. In siud canes the luagniUidcs 
given are generally tlie highest and lowest whitih liave lieen obBorved, and tliere is every 
probability that the range may bo cxceetlod at some timo or another. 
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T Ceti 

a Oassiopeise 


p PorsBi...'** 

£ Aiirigse 

a Orionis 

U Hycirffi 

ti Gariiise (rj Argus).. 

AV Bootis 

B Coronas 

g Herculis 

a Herculis 

11 Herculis 

R 


R.A. 
h. ni. 

Decl. 

Range. 

Map. 

0 16 

-20” 

44' 

5 to 7 

58 

0 34 

+ 55 

53 

2*2 to 2'8 

52 

2 57 

+ 38 

22 

3'4 to 4*2 

53 

4 53 

+ 43 

38 

3*0 to 4*5 

53 

5 49 

+ 7 

23 

0*5 to 1*4 

59 

10 32 

-12 

46 

4*5 to 6 

60 

10 40 

-59 

3 

>1 to 7*4 

67 

14 38 

+ 27 

2 

5 2 to 6.1 

56 

15 44 

+ 28 

32 

5*8 to 13*0 

56 

16 25 

+ 42 

8 

5 to 6 

56 

17 9 

+ 14 

32 

3*1 to 3*9 

62 

17 13 

+ 33 

14 

4*6 to 5*4 

56 

18 41 

- 5 

50 

5 to 9 

62 


temporary or “NEW” STARS. 


So called “ new ” stars are stars that have suddenly appeared once, and then faded a way 
They all seem to follow essentially the same course. Tlfc^y bla;^e up very suddenly, gradiuilly 
fade away, often with fluctuations, then appear to turn, into small gaseous nelnikB, and 
finall^A as has recently been shown, become merely very laint stars, very probably their 
orimnH condition. There is no theory that satisfactorily accounts for more than a part of 
the facts known about them. 

The following is a list of temporary stars which have been observed, arranged in order of 


Greatest br. E.A. Decl. 

h. in. 1880 . 


157*2 

Tycho’s Nova in Cassiopeia 

>1 

0 18 

+ 63” 29 ' 

52 

1604 

Nova in Serpentariiis, discovered by Fabricius ... 

>1 

17 23 

-21 22 

62 

1670 

Nova in Yulpecula, discovered by Anthehn ...... 

Nova Ophiuclii, discovered by Hind 

3*0 

19 43 

+ 27 1 

57 

1848 

5*5 

ae 53 

-12 43 

62 

1860 

Nova Scorpii, discovered by Auwers in the 
cluster Messier 80 

7*0 

16 10 

-22 41 

62 

1866 

Nova Ooronse, discovered by Birmingham 

2*0 

15 55 

+ 26 15 

56 

1876 

Nova Cvmii, discovered by Schmidt 

3*2 

21 37 

+ 42 18 

57 

1885 

Nova Andromedic, discovered by Hartwig in 
the Andromeda Nebula 

7*0 

0 37 

+ 40 37 

52 

1887 

Nova Persei, No. L, discovered on Harvard 
photographs by Mrs. Fleming, 1895 

9*0 

1 54 

+ 56 9 

53 

1891 

Nova Auiigm, discovered by Anderson, January, 
1892, and afterwards found on a photograph 
taken at Harvard, December 10th, 1891 

4*5 

5 24 

+ 30 21 

53 

1893 

Nova Normm, discovered by Mrs. Fleming on 
Harvard photographs 

7 

15 20 

- 50 9 

68 

1895 

Nova Carinm, discovered by Mrs. Fleming on 
Harvard photographs 

8 

11 3 

-61 18 

67 

1895 

Nova Ceiitauri, discovered by Mrs. Fleming on 
Harvard photographs 

7*2 

13 33 

-31 2 

67 

1898 

Nova Sagittarii, discovered by Mrs. Fleming, 1899 

4*7 

18 55 

-13 19 

62 

1899 

1901 

Nova Aquilse, discovered by Mrs. Fleming on 

Harvard photographs, 1900 

Nova Persei, discovered by Anderson 

7 

0*0 

3 23 

+ 43 30 

53 

1903 

Nova Geminorum, discovered by Turner, on 
Oxford Astrographic Chart plates 

7 

6 36 

+ 30 4 
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METEOR SHOWERS. 

Ill some of the maps will be found an asterisk, closely accompanied by a date. This 
marks a region from which meteors may be expected about the date in question — in the lan- 
guage of the meteor observer, it is the I'adiant point of a meteor shower. It may be well, 
however, to caution the beginner against expecting too much of a display from such a shower. 
For most of the points a dozen meteors in tlie night rank as a rich display, and in many years 
the radiants are almost completely quiescent. Many of the radiants seem to be persistent, 
famishing occasional meteors throughout the year ; a fact for which no easy explanation is 
forthcoming; for if the meteors of one radiant really belonged to one system, one would 
expect that radiant to shift during the year, as the radiant of the Perseids is supposed to do. 
For information as to tlio smaller and sparser showers reference may be made to the memoir 
by Mr. Denning (Memoirs, Iloyal Astroii. Soc., Vol. LTIL). A list of radiant points is given 
in tlie Companiorb to the Obscy'vatory. We ma,y limit ourselves here to four principal 
showers. 

Tile Lykids. April 10-22. K.A. 18h. 8m., Declination + 34* 

111 some years tins radiant gives a number of meteors ; in others they arc almost entirely 
absent. 

Tlie pEiiSKins. August D-ll. II. A. 3h. Om., Declination ■+ bT 
These are the well-known August meteors, which arc, on the whole, the most reliable 
shower of tlie year. They lca,ve long, yellow streaks. For a montli before the date of 
maximum, sinnhir meteors apiiear ITom radiants lying to the west of the above place, and it is 
believed that tliey are a real case of a inoving radiant. 

The Lkdnidb. November M-16‘. R. A. lOli. Om., Declination + 23“ 

This sliower is visilile more or h^ss every November, giving swift meteors witli greenish 
streaks. For a number of cciii.uries they had given lirilliant displays every 33 years, but in 
1899 and 1900 the exqioctcd display coni|)Ietely lailed. It is fairly certain tliat the swarm had 
been jierturbed liy the idanet Jupiter. There is reason to believe that the swarm was 
captured and introduced into the solar system by the planet Uranus in the year 126 a.d, 

Tlie An I) ROME DTDS. November 27. R.A. Ih. 40m., Declination + 43*^. 

Tliis is tlie sliower jessociated with the lost Biola’s Comet. Rich displays may be 
expected with some ce-rtaiuty cvmy tliirteon years. Of late years the perturbations of the 
planet upon the swa,rm have had the ellect of tlirowing back the du,te of maximum and 
number of days, and it is imiio.nsible at present to give exact dates for the future. 

Plates 71 and 72 . 

As I have ahaaidy pointwl out, tlie region of the sky which corresponds to any one of 
tlie general series of irnips, is indicated by the dotted lines in the scries of monthly maps 
(Plates 39 to 50). This, however, is chiefly useful at localities about the latitude of the 
British Islands. For the c.onvenience of tho.s() liviiig in other latitudes, to whoxn it is hoped 
tins Atlas will naiommeiid its(‘.lf, as wall as to cualilo tlio student at homo to choose the 
maps suitable for his purpose with greater rajiidity, I have added the Northern and Southern 
Index Maps (Platc.s 71 a, ml 72). In tliese the princiiial constellations are marked, and the 
outlines of ca,ch map of tlio general Herlea, with the numbers of the corresponding plates in 
bold figures. Ea,cli Index M!ap inc;luda)i from the Pole to 25*^ beyond the Equator, so tliat 
both contain the series of .Equatorial maps. Around the clreumferouccs is marked each hour 
of R.A. The Declination is not indicated, but it can be a.scertained with sufficient accuracy 
for the purpose of finding the re(j[uired mai) by remembering that the Equatorial zone extends 
to 25*=^ Declination, and tlie intenuediate zones to 70® Declination, while each zone overlaps 
that above and below it by 5^^* 
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PRECESSION. 

The Precession of the Equinoxes, or the slow motion of the Earth’s axis, in consequence 
of which the intersection of the Equator with the Ecliptic travels along the latter, brings 
about a constant change in the B. A. and Declination of the Stars from year to year. It is thus 
clear that the values of these quantities as read from the maps will only he strictly accurate 
at the epoch for which the maps are drawn. In order to find the B. A. and Declination for any 
other date, it is necessary to apply a correction for this processional effect, and if it is desired 
to mark upon the maps the position of any star or other object whose co-ordinates are given 
for a date different from that of the Atlas, a similar correction must be applied. 

It must, however, be borne in mind that no change takes place from tins cause in the 
relative position of the stars,— the effect being merely to give the whole system of Right 
Ascension and Declination circles a shift, and thus to alter the positions of all tlie stars with 
regard to them. 

For accurate astronomical work, the correction for precession must in general be computed 
to a small fraction of a second, and elaborate tables have been prepared to facilitate this 
operation ; but for all purposes coming within the scope of tlie present work, the following 
tables will be found amply sufficient. 

That given on the next page contains the correction to the R.A. for 10 years’ precession. 
The quantity found in the table is to be added, with the sign there indicated to the R.A. at 
any time, in order to obtain the K.A. for an epoch 10 years later, or it is to be subtracted to 
find the R.A. at an epoch 10 years earlier. For intervals other than 10 years a proportional 
allowance must be made. The top and bottom lines contain the Declination, and the first 
and last columns the R.A 

For most purposes it will be sufficient in finding the precession to take the R.A. to the 
nearest whole hour, and the Declination to the nearest multiple of 10 degrees. If the star is 
situated in the Northern Hemisphere, we find its Declination in the first or last line, and run 
the eye down the corresponding column till we reach the line which contains the star’s R.A. in 
the first column ; the corresponding figure in the table is the precession in R.A. for 10 years. 
If the star is in the Southern Hemisphere, we look for its Declination as before, but we find its 
R.A. in the last column. 

The second table, containing the correction to the Declination for 10 years, is still more 
simple. We have merely to enter it with the nearest hour of R.A. in the extreme columns, 
and we find in the central column the corresponding correction to the Declination. For all 
R.A.’s found on the left side the correction is positive, and negative for all those on the right 
side. 

The signs of the processions given in both tables show the correction necessary to bring 
the star's place up to a subsequent date ; to bring it back to an eaidier date the signs must 
be altered. The table of precession in R.A. extends to 70*^ north and south of the Equator, 
so that it is applicable to all the stars except those around the North and South Poles, 
contained in Plates 51 and 70. 
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Table showing Ten Yeaiis PiiEOEssiON tn R.A. 


Il.A.forN. X)ecl. 

QO 

10^ 

20*" 

30“ 

40“ 

50“ 

60“ 

70“ 

R.A.forS.Decl. 

h. 

18 

19 

20 
21 
22 
23 

0 

1 

2 

3 

4 

5 

6 

h. 
or IS 
„ 17 
„ 16 
„ 15 
„ 14 

„ 

„ li! 

„ 11 
„ 10 
!' 

„ 8 

>> 

„ 0 

ni. 

+ 0-51 
*51 
•51 
•51 
•51 
•51 
•51 
•51 
•51 
•51 
•51 
•51 
-LOT)! 

in. 

+ 0-47 
•47 
•48 
•48 
•49 
•50 
•51 
*52 
•53 
•54 
•55 
•55 
-f 0 '55 

in. 

+ 0-4.3 
•13 
*44 
*45 
*47 
'49 
•51 
'5.*? 
•55 
•57 
•58 
•59 
+ 0-59 

tn. 

4 0-38 
*39 
•40 
“42 
•*15 
*48 
*51 
*54 
•58 

•oo 
•02 
•04 
4 0-04 

in. 

4 0*33 
*33 
•35 
•38 
•4‘2 
•40 
•51 
■50 1 
•01 
•04 
1)7 
•09 
40-70 

111. 

4 0-25 
•26 
•28 
•32 
•38 
*44 
•51 
*58 
*04 
*70 
•74 
'77 
4 0-78 

in. 

4 0-13 
*14 
•18 
•24 
•32 
•41 
•51 
■01 
•70 
•78 
•85 
•88 
40‘9C) 

111. 

-o-io 

•08 

-0-02 

40-08 

'21 

•35 

•51 

•67 

•82 

0- 94 

1 -04 

1- io 

4ri2 

li. 

6 

5 

4 

3 

2 

1 

0 

23 

22 

21 

20 

19 

18 

It. 
or 6 
n 7 
„ 8 
„ 9 
„ 10 
„ 11 
„ 12 
„ 13 
,> 14 
„ 15 
„ 10 

„ 18 . 

R.A. forN. Docl. 

0^ 

10^ 

20^ 

30“ 

40“ 

50® 

00“ 

70“ 

It. A. forS. Docl. 


Table fob Ten Years riiEOEssioN in Decunation. 


R.A. 

Prot’oiHHioiu 

K.A. 

h. 


h. 


h. 


ll. 

0 

or 

2-4 

4 O-OO - 

12 

or 

12 

1 

V 

23 

•05 

13 


1 1 

*> 

)) 

O.) 

•05 

14 


10 

3 

V 

“T 

•01: 

15 


9 

‘t 

)) 

20 

•03 

10 

)5 

8 

5 

)) 

19 

•01 

17 

)) 

7 

0 

V 

18 

•00 

18 

)) 

0 


Example . — Tlic star Capolla is sitaatcd in 1880 in It. A. 5 Ii. 8 in., Dccliujition *}- 45°’9 ; 
find 'vvlnit its It A. and Declination will l )0 in 1005. 

Entering the first Talth? witli It A. 5 In, and Dtadination 50”, wo find 10 years’ precession, 
in It A. is -H 0*77 m. Hence the curres[)t)nding (iurirsdJoji ibr Sia years to tlie nearost whole 
minute will be 4* 2 m. 

Entering the second Taldo with It A. 5 h., we find 10 years’ procession in Declination 
is + 0°*01, henc(3 to the tontli of a degree the correction for 25 years is negligible, so that 
wo find in 1905 It A. = 5 In 8 nt f- 2 in. - 5 li. 10 in., mid Declination = -i* 45^*’9. 

If it were reijuired to find the place of the star ati the beginning of the century (Ac., 80 
years previously), we Iia.ve to nmltiply 0*77 in. and s- 0*'t)l liy - 8, and we find the cor- 
rections — 6 m. a,nd — 0^*1, so that tlie place of tliis star in 1800 is It A. 5 li. 2 m., Declina- 
tion + 45 ‘^’8. 

As anotlier 0 xa,ni])le, let us find the B.A. and Declination of Draconis in 1940. Its 
place in 1880 is 17 h. 38 in. ; + Wo find Iroin the Tables — 010 m. as correction for 10 

years’ precession, and O^'^'OO as tlie oorreetion in Declination ; wa thus obtain for 1940 ItA. = 
17 li. 38 rn. — 0*6 m. == 17 li. 37 nx. to the nearest minute, and Declination + 68^*8. 
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Once more, suppose that in 1950 it is announced that a comet has been seen in R.A. 3 li. 
42*9 m., and Declination + 23° '96. We find the precession in E.A. and Declination from the 
tables to be, for 10 years, + 0*58 m. and + 0°'03. Hence, to bring the place back to 1880, 
we have the correction — 4*1 m, and — 0°*21, We thus have 

Comet’s R.A. Comet’s Declination, 
h. m. o 

1950 3 42*9 ... + 23*96 

Correction for Precession... ~ 4*1 ... — 0*21 

1880 3 38*8 ... + 23*75 

That is to say, the place occupied by the comet is indicated on these maps by the figures just 
found for 1880, so that it would be found at the time of the announcement in the centre of 
the group of the Pleiades. 

The star maps of this work were drawn for the Epoch 18S0, and as hn,s l)cen already 
explained, they no longer give the E.A. and Declination of the stars as they arc rneasiired 
to-day. It will he convenient if we add a table showing how imicli tlie system of circles 
should be shifted on each map relatively to the stars, to make them ai)] in )xi mutely right for 
the Epoch 1900, to which for a number of years the places of the stars will generally be 
referred. 

The following table gives the number of the map, and the amount tlie systciri of circles 
must he shifted in millimetres. 


62. 

0*4 right. 

0.2 down. 1 

58. 

0*4 ri 

gilt. 

0.2 down. 

64. 

0*4 

right. 

0.2 

dovm. 

53. 

0*6 

J 5 

0.1 

33 

59. 

0*4 

35 

0.0 

65. 

0*3 

33 

0.1 

33 

54. 

0*6 

J) 

0.1 

up 

60. 

0*4 

33 

0.2 up 

60. 

0*3 

35 

O.I 

up 

56. 

0*4 

33 

0.2 

33 

61. 

0*4 

33 

0 2 

V..J „ 

67. 

0*4 

5 ) 

0.2 

33 

66 . 

0*3 

33 

0.1 

35 

6*2. 

0*4 

3 3 

0.0 

1 68 . 

0*6 

53 

0.1 

3 3 

57. 

0*3 

33 

0.1 down. 1 

63. 

0*4 

33 

0.2 down. 

69. 

0*6 

33 

0.1 

53 


It will be seen that for the purposes of these maps the cliangc is almost insensible. 
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an A PT/yR VI 11. 

ri,ATK 'ra. 

THE GREAT NEBULA IN ORION. 

'rht‘ (ln*nti whit^h Huh aroinul Uk^ (H*,iit,ra.l Htar in tlic Swiinhif Orion in (linily viHiblts 

I to thu naku<l uyt^ an a blnrrin.i^ of tlui Htar (iinr;. In the telencopo it m a Kiilondid ohj(!ct), full of 
iulriratt* (U'tail. iUit; to Innii.i; out its full Ixnuity wo niUHt, an always witli the luibuhe, 
phot(>‘n'a|jb it. It is shown tlien ns an objef.h olosxtraonliiuuy (U)iuplexity, but willioiit any 
obvious plan. Mmdosed In it an*, many Bhirs wliicii certiiiidy iadoii.u: to it, and are not nuuoly 
HtH'u by I'haure. in tin', nnino ilinndion ; for they sharo a typical spootnuu wlueu*, (diarard.eristit; 
is linos of ht‘Huni which are stron,!,^ alsi> in ilie nebula itself. 

'fhe n«*bula shown In the plate is only the l)ri,i;htor a, ml coutral psirtion of a nuudi la.iyer 
Hinu’tun*. Nvhose, exlHtenoe has roeontly Inaai nnwle clear, an iinmense spira.1 wiudin^^ aJ)out the 
wdiole t'oeidolhition of Orion. In a siuise, tlieii, the more familiar nobula is tti 1)0 raukisi with 
tlu* spiral uelrnhe, yet it is idearly distiii;jfuiHhed from tlioiu hy its Kportnun, whieli Hhow»s ilmt 
the H'^hi oftbe nehula comes IVom luminous jujas, hydrogen, and holiuin, and tins gas liithcrto 
uudutoeted upon I'liirth wlfndi luis btavn calhal nebtiium. 

i H* tin*, real sia^ juh! ili.stnnee of the nebula practieaby notliing is known, luyond tluvlaet 
that it is eertaiuly inunmisely distant and large, Ami in this, as in maaiy mdmhe, we fnul 
blaek holes with edgi%H surprisingly sharp whieli a, re very luird to explain, (*xe<*pt upon the 
hi:ddy spi‘culative aastuiiption that they re|U'eHent dark material Btruivtures <d' some kind 
intt*rpoHed hutwe.eu its and the shining nelmhu 

in this, ns in all pu^tures taken witii relleeting tolesejipeH, the (Hhish ()f tin*, brighter stars 
an* dtsfigun*d hy rays which are of ptuvly instrumental origin. 

I'his plate, juid the one that follows, were takeii at the Yerln,^HM )l)^a‘rvaIory, (Hli^^ago, 
by Mr. Ititelny, wii.h a. n'lbading |.«*leseo|>e of two feet aperturt*. made in the workshops nf Mu^ 
t dis«*rvn4-ury. They owe a (>art of their Ixauity to the faet tliat the mya, lives ha.vo hoj^i 
redtmrd in the bright central piirtionHwhiiihareiueadtsibly tivtn’ssxposi'diluritig t he. long I iiue, that, 
is reqtiinal tn pludograpH tlie faint outlying portions of the nebula,. Only hy fai(‘h a, pioet-iu 
is it piKH.sililo ttj show on one plate the di'tiuis lioth of the central ami tin' O'mote parhi nf the 
nebula. 

Fuate 74 

THE GREAT NEBULA IN ANDROMEDA. 

fu a. t(d(*seopc of uioderato power this Chmt Nebula appoa-rs almost structureless, a s.utt 
elliptmad mass of light steadily brightoniiig towards the eeutro. In a large, teh*,scope, umlm* 
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exceptionally fine conditions, its outlying portions are seen to be furrowed with dark passages. 
But no eye has ever seen directly a hundredth part of the structure that is revealed by photo- 
graphy. Surrounding the central nucleus, which remains structureless, are a number of fainter 
rings, or perhaps naore probably the convolutions of a spiral— it is almost impossilile to say 
which— and the whole is mottled with brighter patches and perforated with dark holes of 
remarkable sharpness. The light of the nebula is such as would be given by vast numbers 
of stars crowded together — that is to say, the spectrum is continuous, the light is white. But 
in the present state of knowledge it is altogether premature to argue from that, tliat the 
nebula is really an enormous system of stars very far away. The most we can say is that its 
composition is certainly very different from that of the gaseous nebulae. 


Plate 75. 

THE GREAT STAR-CLUSTER IN HERCULES 
AND A NEBULA IN CYGNUS. 

The photographs reproduced in this plate were taken by Mr. W. E. 'Wilson, at his 
observatory at Daramona, Westmeath, with a two-foot reflector. 

Star-clusters may be roughly divided into two classes : loose and condensed. Of the 
former, the Pleiades cluster is the most conspicuous example. {See Plates 79 and 80.) The 
stars in it do not crowd towards the centre ; on the contrary, the density of stars in the 
centre of that cluster is less than the density in the surrounding sky ; but the individual 
stars are brighter. In a globular cluster, on the other hand — such as the Hercules cluster — 
small stars are so crowded towards the centre that, in all but the largest instruments, they 
become indistinguishable from one another. 


Plate 76. 

THE SPIRAL NEBULA IN CANES VENATICL 

This, the most famous of the Spiral Nebula, bad its true character first recognised by Lord 
Kosse with his great reflector at Parsonstown in Ireland. We are so happily situated with 
respect to it that we get a fair side view of it, and can trace in considerable detail how its 
branches are interlaced and studded with condensations which look as if they are on the way 
to become stars, Becent photographic work has shown that a large proportion of the nebulae, 
both known and hitherto unknown, axe spirals, and this form must now be considered almost 
the rule instead of the exception. 

This photograph, and the two following, were taken at the Lick Observatory by the late 
Professor Keeler, with the three foot Orossley Keflector, which was mounted at Ealing by the late 
Dr. Common, sold to Mr. Orossley, of Halifax, and afterwards presented by him to the Lick 
Observatory, in oxder that it might be worked under skies more favourable than those of 
England. 
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Plate 77. 

THE DUMB-BELL NEBULA. 

It is a striking illustration of the power of photography in depicting nebulae, that it has 
brought out a distinct resemblance between the Dumb-bell in Vulpecula and the Ring in 
Lyra, which could hardly have been suspected from the visual appearance of those objects* 
If we imagine the nebulosity, which exists inside the Ring, to shine a little more brightly, so 
that it tills up the Ring, and at the same time imagine the tendency towards thinning out at 
the ends of the longest diameter to be a little more pronounced, we shall see how easily the 
Ring might be transformed into the Dumb-bell. Both are gaseous, and both have a central 
star. It is difficult to resist the conclusion that the two nebulse are closely related in kind. 


Plate 78. 

THE RING NEBULA IN LYRA. 

The Ring Nebula in Lyra can be easily found. It lies in the line from ^ to 7 Lyrse, 
about one third of the distance from to y. It may be seen with a telescope of a few inches 
aperture, but it is doubtful if any telescope in the world, excepting perhaps Lord Rosse’s 
reflector when in its finest condition, has over shown to the eye so much as is presented in 
the photograph here reproduced, which was taken by Prof Keeler at the Lick Observatory, 
with the Orossley Refleotor. 

The central star, which is so conspicuous on the photograph, is barely visible in the 
largest telescopes. It is much brighter photographically than visually, probably because its 
light is composed chiefly of those rays of short wave length to which the plate is sensitive 
but the eye nearly insensitive. 

The photograph shows quite plainly that the ring is not uniformly bright; there are 
even some indications that it is composed of several interlacing or over-lapping rings, and it is 
remarkable how the ring thins out at the ends of its longest diameter. With longer 
exposures the centre of the ring fills up, and the nebula becomes a disk. It follows that the 
ring-like appearance’ is in a sense deceptive ; that the real shape of the nebula is something 
like a hollow shell of gas, of which the borders look brighter, perhaps, because one is then 
looking through a greater depth of the shining matter : but this is at best a conjecture. 
What is certainly known is that the matter which shines is of the nature of self-luminous gas, 
giving a bright line spectrum. About the distance and the real size of the object very little 
is known, but it is practically certain that were our solar system placed in the centre of it, it 
would all lie within the space covered by the photographic image of the central star. 

A fine example of a nebula with no central condensation is that in Oygnus. (No. 6992 in 
Dreyer’s New General Catalogue.) Irregular and far-stretching nebulae such as this are not 
uncommon in the Milky Way. They are probably all gaseous, and seem,to belong to a class 
altogether different from the spiral nebulae. 
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Plaies 79 & 80 

THE PLEIADES 

Plates 79 and 80 are representations oi the Pleiades made with telescopes of ddlount 
types Plate 79 is from a photogrxph obtained hy Dr Isaac Eoberts with his reflecting 
telescope of 20 niches aperture and 98 inches focal length'— a ritio of apcituic to local length 
of about 1 5 Such an instiumeut is the most ef&cient kind ol telescope loi pliotogi ii)liing 
faint nebulosity, and with similar mstruments at ditfoient observatoiies the photogiiphs of 
pUtes 73 to 78 have also been obtained Phte 80 is engrxved from a photogi iph iiiulo it 
the Paris Observatory by the Brotheis Henry with the refracting tclescopi ol 1 3 m( lies 
apeiture and 135 inches focal length, which is the standard pattern in use it eighteen obsc i 
vatoiics cooperating in miking the pliobographic chart ind citalogue of the hoxvoiis Siioh 
xn instillment is not so suitable for photographing faint nebulae , but it mikes bcttci photo- 
gr iphs for measurement And in pieseuting a series of the best 2 ^'i'i'tures of some of the 
most beautiful objects in the sky, one must not fail to call attention to the other brant h of 
astronomical photography, the making of plates which are not so pictoriilly eflectivc, but 
which are more suitable for accurate measurement Year by yeir the incisuiemcnt of 
photographs replaces the older method of measurement at the telescope, and at the present 
time (1903) several observatories have nearly finished their shire of the great Intei national 
Photographic Catalogue of Stars mentioned above, which will include the plxcos of about 
2,000,000 stars 

The Pleiades cluster is the finest example of a loose cluster of blight stars intoimivcd 
with nebulosity And in this clustci the nebulosity is of a veiy lemarkxblo chai actor It 
takes the form m many places of long straight wisps connecting directly the biightoi stus 
In examining Plate 79 care must be taken not to confuse these with the eight symmetrical 
rays pioceediug from each of the brighter stars, which are caused by in instrumental defect 
unavoidable m refleotmg telescopes Taking the key map to Plate 80 as a guide we m ly 
trace on Plate 79 the straight extension of nebula from Electra towards Ah yono, the ray 
proceedmg from below Electrx straight through the stars numbered 1 and 7, and the 
remxrkable ray which runs from star No 10 in a straight line through several stars above 
Alcyone and close below 24 Of a somewhat different character, yet still with a marked 
tendency to arrangement m straight lines, is the nebula which involves Mau and Merope 

Even apart from the evidence of the connecting nebula, there is little doubt that the 
Pleiades is a real cluster of bright stars, and not a chance gathering of stais seen nearly in the 
same direction but at veiy different distances from us Of relative motion among the stars of 
the group there is little or none , but the whole group is drifting together at the rate of 
about 9" of aie per century past the other stars in the neighbourhood 


Plaxe 81 

THE MILKY WAY, AROUND THE STAR-CLUSTER 

MESSIER II 

This IS a reproduction of one of the celebrated photographs of the “ star clouds ” of the 
Milky Way, taken by Professor Barnard at the Lick Observatory m 1889 His description 
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of it is as follows : ‘^‘The small cluster, Messier 11, lies on the upper or north edge of the 
neck of the large cloud, and looks like a nucleus. The western side of the great cloud litis 
several rather sliarply-marked indentations and several detached masses of stars. The star 
p Aqidlae, on the upper north edge of the great head, has two curious sprays of stars 
extending from it, giving the appearance of a ram’s horns. The great star cloud seems to be 
made up of very small stars, apparently very uniform in size. Near the lower riglit-hand 

corner of the plate is shown a beautilul bright nebulous stiir The nebulosity aliout 

this star is somewhat elliptical. It was discovered on the plates of 1899, and is quite 
noticeable visually. The bright star near the N.E. edge of the plate is k Aqidlae, Tlie 
great star-cloud seems to stretch out to and surround this star.” 

No less striking than the brilliant clouds of stars are the dark holes and lanes which 
pierce them. Tliese sharply-defined vacuities are characteristic features of the star-clouds, 
and tliey give some cause for suspicion that there may exist in space regions of light-stopping 
material which cut out the light of the stars beyond. It is difficult otherwise to account for 
the existence of so many well-defined empty spaces in a field of stars otherwise so rich. 


Plate 82. 

NOVA PERSEI AND THE NEBULA IN MOTION. 

The api)ear;mco of a new star in Perseus was first observed by Dr. Anderson at 
Edinburgh, ou 1901, Feb. 21, at (l.AI.T. 14h. 40m. The star was then of magnitude 2 7. 
On the previous night a photograpli liad been taken by Mr. Stanley Williams at Brigliton 
which showed stars down to the 12th magnitude, but no trace of the Nova. It is, therefore, 
certain that in little m )re tlmn 24 hours the star must liave increased in hrightness more 
than ton thousand times. On Plate 82 we have the photograph above mentioned ; and, for 
comparison witli it, a second photograph taken after the appearance of the star. So promptly 
was the discovery made and the news circulated that on the evening of February 22nd tlie 
star was under observation all over the northern hemisphere, and it was found that the 
brightness was still increasing. But in a few days it began to fail rapidly-— though with 
very strongly-marked fiuctuations— -until by midsummer it was invisible to the naked eye 
while its spectrum, as is usual in such cases, had become that of a gaseous nebula. 

In spite of the enormous amount of information which was given by this outburst- 
unsurpassed since the days of Tyclio Bralie -it does not seem that we are much nearer an 
understanding of its cause. But one thing seems to be clear— the outburst of a new star is 
not due to the collision of two dark bodies which are thereby raised to a transcendant heat. 

Almost more remarkable than the star itself was the nel)ula which was discovered 
around it in the autumn of 1901. The first satisfactory photograph of it was obtained at the 
Yerkes Observatory on September 20th. On November 7th and 8th a photograph obtained 
at the Lick Observatory showed that parts of the nebula were in rapid motion ; and the 
same thing was found independently at the Yerkes Observatory on the 9th and 13th. In 
the lower portion of our plate diagrams drawn to scale from the original negatives show 
these changes unmistakeahly. If the pointed structures, lettered a and are compared on 
the two diagrams, and reference made to the surrounding stars and the scale at the side, it 
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Will be seen afc once that the^e points liare moved about a minute of arc in sl\ weeks Such 
a rite of motion is unprecedented, and many theoiies hive been advanced to iccount foi it 
The most generally accepted theory is that there was around the star a complicated nebula 
too faint to be photogiaphed until it was lit up by the buist of light which proceeded fiom 
the star, and, that the motion which wis obscived was not a leal motion of the nebula 
itself, but the effect of successive lighting-up of different parts of the nebula as the light 
passed outwards over it It is scarcely possible otherwise to account for a motion which 
must have been at least very nearly equal to the velocity of light itself 
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CHAPTER IX. 

A SELECT LIST OF STARS, STAR CLUSTERS, 

AND NEBULJE. 

In preparing a list of objects wliieh are suitable for observation with small instruments 
the author naturally turns in the iirst place to Admiral Smyth’s “Celestial Cycle” for 
suggestions ; and for the results of the most modern work upoti those objects to Miss 
Olerke’s “Problems in Astropliysics,” Dr. See’s “Evolution of the Stellar Systems,” and Prof. 
Simon Newcoinlys “The Stars: A Stinly of the Universe”; to the “Companion to the 
Observatory,” the i)ublicatioiis of the Koyal Astronomical Society, and the scicntilic journals. 
The student will lind more extensive lists of interesting objects in Mr. Gore’s “ The Stellar 
Heavens.” 

An attempt has been made in tliese notes to give some of the most recent results for the 
distance, mass, &e. of the star systems. A very brief summary of the principles from which 
these results have been deduced is here given : — 

Distance of the Stars. 

Astronomers find it conveniont to express the distance of a star from the solar system by 
a quantity which is the apparent angular radius of the Earth’s orbit as seen from the star ; 
this quantity is called the annual parallax of the star. For example, the annual parallax 
of a Oentaiiri, our nearest stellar neighbour, is 0"*7r) ; that is to say, the radius of the Earth’s 
orbit, iis viewed from the star, would subtend an angle of three-quarters of a second of arc. 
Since a unit of length viewed at a disbincc of 200, OUO units makes an angle of a second of 
arc very nearly, wo have the following convenient rule 

To find how many million times farther away than the Sun any given star is 

Take the number oxt)rcssing its annual parallax in seconds of arc; multiply it by five ; 
and find the reciprocal of the product. This is the number of millions required 

For example : The parallax of Capella is 0"*09. The reciprocal of 5 times 0'09 is about 2i, 
Hence Capella is about 2 ^ million times as far away as the Sun. 

Distance of Star in Light-Years. 

We haye seen that astronomers generally express the distance of a star in terms of its 
annual parallax, always a very small angle, which decreases as the distance of the star 
increases. It is inconvenient to try to express the distances in the ordinary astronomical 
unit of length, the distance of the Earth from the Sun ; the numbers are too large. But the 
-distance which light travels in one year makes a unit of convenient size. Thus, since 
jiccording to the best determination, the time taken by light to travel the distance R from 
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the Earth to the Sun is 498-46 secs., in one year (365d. 6h. 48m. 46s.) light travels about 
63,300 B. 

This is called a light-year. 

And a star which has a parallax of 1" is distant 206,265 R. 

Hence light would take 3-26 years to come from that star to the Earth. 

And for "any other star whose parallax expressed in seconds of arc is given, the time 

3‘26 

taken by light to come from it to our system is 

3’26 

Example : The parallax of Oapella is 0"-09. Hence light takes = about 36 years 
on its journey. 

Velocity of Star at Right Angles to the Line of Sight. 

This can be found when the star’s parallax and proper motion are known. If the star 
has a parallax of 1" and a proper motion of 1", it moves during the year a distance at riglit 
angles to the line of sight equal to the radius of the Earth’s orbit, that is, about 92,900,000 
miles. This corresponds to a speed of 2*94 miles per second. If for any star we multiply 
this number by the annual proper motion, and divide by the parallax, we get the velocity of 
the star at right angles to the line of sight. 

Example : a Lyrse. Proper motion 0''‘36 ; parallax 0"*08. Velocity at right angles to 

A.O^ 

line of sight = x 2'94 = about 13 miles per second. 

Brightness of Stars Compared with the Sun. 

To give an account of the methods of comparing the relative brightness of the Sun and 
stars would be beyond the limits of the present work. But the formula which represents 
the relation is comparatively simple. If tt is the parallax of the stjir, m its magnitude, 
and r the ratio of its light to the light of the Sun removed to the distance of the star 

log r = ^ (5 log “ w.). 

Example : Eor Procyon we have mag. 0*47, parallax 0"'33 ; whence log, r = 077, r = 5*9 
It should be noticed that estimates of this kind are very much affected by small 
changes in the adopted value of the parallax of the star, and are tlierefare necessarily 
rather uncertain. 

Masses of the Stars Compared with the Sun. 

Can be found only for binary stars. 

When a binary star has completed enough of a revolution to make it possible to compute 
all the circumstances of its apparent orbit, it is possible to compute the shape and position of 
the real orbit, which will differ from the apparent orbit, unless it happens to lie square to the 
line of sight ; we also know its size in seconds of arc. If, in addition, we know the parallax, 
i.e., the distance of the star, we know the length of the major axis of the real orbit in terms 
of the distance of the Earth from the Sun. 

Por example : The major axis of the real orbit of the companion of Sirius about that star 
subtends to us an angle 8''‘03 \ the major axis of the Earth’s orbit round the Sun subtends at 
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the distance of Sirius the angle 0''*37 (the annual parallax). Hence the distance of its 

companion from Sirius is times, = 21*7 times the distance of Earth from Sun. The 

companion of Sirius revolves in 62*2 years. It follows from an extension of Kepler’s 3rd law, 

that mass of Sirius + companion = Diass of Sun + Earth. The mass of the Earth is 

negligible compared with that of the Sun, and we have, therefore, on reducing the fraction, 
Mass of Sirius + companion = 3'7 times mass of Sun. 


Spectroscopy. 

Without entering into the complicated theory and methods of spectrum analysis, it is 
possible to indicate broadly the facts upon which spectroscopic determinations of various 
kinds are based. 

When the source of light is transparent glowing gas, the spectrum conmsts of a number 
of isolated bright lines. 

When the source of light is a glowing solid body, the spectrum consists of a continuous 
rainbow band of colour, witli no details at all. It is visible from the red to the violet ; below 
the red it can be detected by its heating effects ; beyond the visible violet it continues for 
some distance to affect the pbotographic plate. 

If the hot solid body is overlaid by cooler layers of gas, dark absorption lines appear in 
the continuous spectrum, in the exact places where bright lines would be seen were that gas 
shining alone. 

Upon this fact rests the possibility of determining what substances are present in the 
vapours surrounding the Sun and stars, and in the nebulse. If iron, for example, is vapourised 
in the elcctrus ariJ its spectrum consists of bright lines. 

In the spectrum of tho Sun arc found dark lines corresponding exactly in position with 
each one of these bright lines. The conclusion is that iron exists in a state of vapour above 
the Sun, relatively cooler than tho glowing solid particles in the photosphere below. In a 
similar way the presence of a great number of other elements is detected in the Sun 
and stars. 

'^gain, if hydrogen is made to glow electrically in a vacuum tube its spectrum consists of 
cetmk bright lines. In the spectrum of a gaseous nebula bright lines are found in the some 
posMbs. It follows that hydrogen is shining in the nebula. 

iiat the comparative positions of these lines remain fixed only so long as the sources of 
light Ire at rest with respect to one another. If a star is in motion with respect to the Earth 
all the lines of its spectrum are slightly shifted— 'towards the violet if the star is Approaching, 
towards the red if it is receding. By measuring the amount of this shift it is possible to 
decide what is the velocity of approach or recession of the star. 


Spectroscopic Binaries. 

The velocities of a great number of stars relative to the solar system hare been 
measured by this method. In a great many oases the velocity has been found to vary 
regularly in a definite period. The conclusion is that the star is in orbital motion round the 
centre of gravity of itself and a companion, 

In the majority of oases the companion does not give enough light to affect very much 
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the spectrum of the principal star. In some cases, however, the two stars are nearly of the 
same brightness. Then one star will necessarily be approaching while tlie otlier is receding, 
and vice versd ; and the spectrum will be doubled, each star will sliow its own set ol dark 
lines, which will alternately close up on and open out from each otlicr, iiiid in such ceases the 
duplicity of the star is obvious, without need of reference to the positions of comparison lines 
obtained terrestrially. 

If the velocities in their orbits of the components of a binary are known, and the period 
of revolution, it is possible to calculate the real size of the orbits, and thence the masses as 
above. In the case of spectroscopic binaries one cannot usually solve the proldem completely, 
but can determine that the mass of the pair must be at least as much as a certain quantity. 


35 Piscium. Oh. 10m. + 13'. 

A fine, double star, 6th magnitude white, and 8th magnitude purplisli* The components 
appear to be relatively fixed, in position angle 150®, and distance 12". 

Globular Cluster 47 Toucani. Oh. 20 m. - 72° 39'. 

A magnificent cluster containing about 1,500 stars within a radius of about 3'. Visible 
to the naked eye as a hazy staiy of light equivalent to 4^ magnitude. The cluster contains 
six variable stars. 

Nebula M.31 Andromedae. Oh. 37in. + 40® 43'. 

One of the most splendid nebulae in the sky, but not very interesting as a telescopic 
object. The best way to see nebulae in the telescope is to set tire instriimeirt just ahead of 
the nebula and allow it to drift into the field. If close attention is |)aid it m |)ossibl 0 to see 
in the Andromeda nebula certain dark and apparently straight lanes j otherwise the nebula 
appears almost structureless, fading away gradually from tire bright centre. Its real 
complicated structure can only be seen well in the photographs (.safe Plate 74), where it 
appears as a fine spiral seen obliquely with a great deal of curious detail. Its spectrum is 
continuous, and dark lines are suspected in it ; it is not, therefore, it would seem, one of the 
transparent gaseous nebulae. 

Cassiopeiae. Oh. 43m. + 57° 17'. 

^ A binary star of rapid motion, and large parallax. Magnitude 3^ and 7^ ; distance 5"‘68 ; 
position-angle 226“‘4 (Maw, 1903’2). Its period is 196 years, and its parallax is ()"20. 
From. these data it may be concluded that the mass of this pair of suns is 1*8 times the imiss 
of our Sun, that their luminosity is together about equal to that of the Sun, and that their 
mean distance apart is 41 times the distance of the Earth from the Sun. Eut the caution 
should be given that all such deductions may he considerably modified by a small change 
in the value of the parallax adopted ; and the numbers must be talcon as examples of the 
kind of information that these researches will give us, rather than as absolutely determined 
quantities. 

a Ursse Minoris (Polaris), lb. 23m. + 88 ® 46'. 

The Pole Star is the best known and most practically important star in the sky. On 
account of its proximity to the Horth Pole of the sky it appears to the eye to be almost 
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deYoid of the ordinary daily movement of the stars about the Pole. The actual diameter of 
the small circle which it describes daily is 2® 25' (1903), about five times the apparent 
diameter of the Moon. The Pole Star can easily be found by the aid of the ‘‘pointers,’’ 
a and p Urs 00 Majoris. It is a standard 2nd magnitude star, with a small 9 th magnitude 
companion distant lO"' in position- angle 212®. 

It has been sliowii quite recently by Campbell that the Pole Star is a spectroscopic 
binary, with a period of very nearly four days, and a slow orbital motion of four miles per 
second. But irregularities have been found in this motion, and it seems probable that 
Polaris has tioo dark companions. 

y Arietis. lb. 48m. + 18° 49'. 

This star is interesting as having been discovered as a double star by Hooke, as early as 
1664, when he was observing the Comet of that year — “ a like instance to which I have not 
else met with in all the heavens.” Magnitude 4*2, 4*4 ; distance 8'''3 ; position-angle 358°. 
Easily visible with a small telescope. 

a Piscium. Ih, 57m. + 2° 17'. 

A fine double star ; components aliout 3 and 4 magnitude ; distance 3^" ; position-angle 

359® 

7 Andromedae. Th. 5Sm. + 41" 61'. 

One of the finest double stars in the sky. Magnitude 2^, yellow, and 6j, blue green- 
Distance 10''’2 ; position -angle G2". The blue star isUsolf a binary, distance 0"*45 (1903), a 
difficult object at i)res(nit in any telescope less than 12-in. aperture. The period of this small 
binary is 55 years, and tlio eccentricity of its orbit is very great. In 1890 the stars were only 
two or three-hundredths of a second apart, and no telescope could separate them. 

c Trianguli, 2h. 7m. +■ 29* 60'. 

An exquisite double star, of which the idinary is yellow, 5th magnitude, and the 
companion blue, 7tli ningnittulo. Distance about 3"*5, and position-angle 16\ During the 
80 years in whicli the stnr has been under observation there has been a slight diminution in 
position-angle and iiutreaso in distance, so the star is probably a very slow binary. 

The Star Clusters in Perseus. 2h. 12m, + 56" 41'. 

A splendid pair of clusters of bright stars, visible to the naked eye as a bright patch in 
the Milky way, on the lino joining a Persoi with d Oaasiopeise, at about three-fifths of the 
distance from the former. 'The preceding cluster contains two bright stars of the 7th 
magnitude and a beautiful “horse-shoe” of 0th and 10th magnitude atars, The cluster 
which follows about 3m. on the same parallel is not so fine, but contains two conspicuous 
triangles of stars. 

0 (Mira) CetL 2h. 14m. ^ 3" 26'. 

A very remarkable variable star discovered three hundred years ago by the German 
astronomer Fabricius, who was the first observer of sun spots with the telescope. It varies 
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in a period of 330 days, more or less, from about the 3rd magnitude (on the average) down to 
; it is impossible to define its behaviour accurately since no two successive cycles are 
similar. The student will readily find its place with reference to other stars from the charts, 
and will find great interest in observing its variations. 

9 Persei. 2h. 37m. + 48“ 49'. 

An interesting triple star— A of the 4th, B and 0 of the 10th magnitudes. A and B are 
affected with the same proper motion, amounting to nearly 1" amuuilly, and probably form a 
binary system. Distance 17"‘4, position-angle 299° (1900). 0 is at distance 80", and position- 
angle 225“ (1900), and does not share the proper motion of the other two, so that they are 
rapidly separating from it. 

y Ceti. 2h. 38m. + 49'. 

A beautiful double star, A3’0m. yellow, and B 6’8m. bine, with common proper 
motion. Probably a slow binary. Distance 3"'5 ; position angle 292®. (1899). 

9 EridanL 21i. Som. - 40® 41'. 

A fine double star for southern observers, magnitudes 3*5 and 5*5 ; distance 8"'2 ; ijosition 
angle 85“. It is practically certain that this pair, now a star of the 3rd magnitude to the 
naked eye, is identical with Ptolemy’s ‘‘Last of the river” and with the Achernar of Al-Sufi, 
who describes it as of the first magnitude. This is one of the clearest cases of a star having 
lost a large percentage of its light within historical times. 

|3 Persei (Algol). 3h. 2m. + 4b® 34'. 

The most famous variable star in the sky. Every 2d. 21h. its light suddenly begins to 
diminish from magnitude 2*4, until in a little over 4 hours it has sunk to 3*6 ; without any 
appreciable pause it then rises again in nearly the same time to its normal brightiujss. The 
conjecture that this is due to an eclipse by a dull companion has been confirmed by the 
spectroscope. Algol is thus a spectroscopic binary whose j)lane passes nearly through the 
solar system. This being determined we have the following data: Yelocity of Algol in 
orbit 26 miles per second j radius of orbit 1,000,000 miles. Diameter of bright star al)Out 
1,000,000 miles ; of dull companion about 800,000. In default of a knowledge of the mass 
of the companion we cannot determine the separation in miles of the two stars, but they 
must be relatively very close together, only a few million miles apart. If we assume 
that the two stars have the same density, their masses are nearly in the ratio of 2 : 1, and 
their distance apart about sj million miles. They, like all eclipsing variables, seem to he a 
great deal less dense than the Sun, 

The Pleiades. Central Star, Alcyone. 3h. 41m. + 23® 48'. 

The well known naked eye cluster of bright stars, seen to greatest advantage in a 
telescope of low magnifying power. Most of the brighter stars have a common proper 
motion, and form, without doubt, a real group. Although the cluster is So inch in briglit stars 
it contains actually fewer Muter stars than equal areas of the surrounding sky. The cluster 
is full of nebulosity which has an apparent connection with the stars. (See Plate 70). 
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a Tauri (Aldebaran). 4h. 30m, + 16“ 18'. 

This star, Mag. 1*2, conspicuous for its ruddy colour, is the principal object in the group 
of the Hyades. (Map 50 \. Its proper motion is 0''* 19 and parallax 0"*12, ^vhence its liglit 
is about 23 times that of the Sun, and its motion across the line of sight about 4 miles per 
second. An occultation of Aldebaran by the Moon, ■which not infi'v-iiuently occurs, 
is a striking phenomenon. 

a Aurigae (Capella). 5h. 9m. + 45“ 54'. 

One of the brightest stars in the sky. Newall and Campbell found independently tha t 
it is a spectroscopic binary, compononts unequally bright, but nearly cciual in mass, moving 
in orbits of railius about 50,000,000 miles in a period of 104 days ; joint mass about seventeen 
times Sun. The parallax of the stars has been careiully determined as 0"‘09 ; anti this implies 
that the stars give together about 130 times as much light as the sun ; they must thero- 
foro be much brighter nniss for mass. From the data just given it is easy to see that they 
might be seen telescopically as a double star with tlistanco 0"*1, and the Greenwich observers 
believe that they have seen the star elongated though not clearly divided. 

Proper motion 0"*43 ; annual parallax 0"'09, whence its velocity at right angles to the 
line of sight is about 16 miles per second. 

Nebula M. i Tauri. 5h. 29m. + 21 * 5? 

The “Crab” nebula, ho called by Lord Rosse because of the claw-lilco protuberances 
which ho obs(jrvoJ, In a small telesiropo it is not very inten, anting ; but it is famous as tlie 
obj'ect which indiuujd Messier to draw up his celelirated c*atalogii 0 of nebulre, by the numbers 
of wliich the brighter nebula) arc known to this day. The Crab Nebula is No. 1. 

6 Orionis. Sh. 29m. ~ 5® 28'. 

A splendid multiple star involved in the brightest part of the great nebula in Orion. 
Four bright stars, of magnitude 0, 7, 7i, and 8, form the well-hnowu “ trapezium.” There 
are a number of fainter stars included in the group, 

<7 Orionis. 34rn. - 2 * 39'. 

A very fine multiple star. In small telcBco]:>ca it presents the appearance described by 
Sir William Herschel of “a double-treble star, or two sots of treble stars almost similarly 
situated ” Larger instruments show a number of other stars, and Burnham has found that 
the brightest star is itself double, and a mpid binary. 

^Orionis. 5h. 3em. 2* O'. 

This, the following of the three stars in Onon*s belt, is a fine double, with a distant 
faint companion. The components of the double are of magnitude 2 and 0 ; distance 5 
position-angle 166“, slowly increasing. The faint companion, magnitude 10 , is In position- 
angle 9“, at distance 67". 
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Cluster M. 37 Aurigae. 5h. 46m. + 32*^ 31'. 

A magnificeiifc cluster of small stars, loose and little condensed. It does not appear that 
there is any nehulosity in this cluster, though in small instruments the crowd of small stars 
presents the appearance of it. “ Even in smaller instruments extremely beautiful, one of the 
finest of its class. Gaze at it well and long.” — JFedd. 

a Orionis (Betelgueuse). 5h. 50m. + 7 23', 

A bright yellowish-red star, whose light is somewhat variable, about 0'9 usually. Like 
nearly all stars in the constellation of Oi'ion it lias a small proper motion, 0"*027 per 
annum, and a small parallax, 0"-024. It follows that this star gives several hundred times 
the light of the Sun, but its motion across the line of sight is slow, about 3 miles per second. 

|3 Aurigae. 5h, 52m. + 44® 56'. 

Telescopically a single star. But the lines in its spectrum appear alternately double 
and single every 48 hours, and the displacement indicates a relative velocity of 150 miles a 
second. It follows that the star is double, with components nearly equally bright, revolving 
in a period of just less than 4 days. 1 he orbit is somewhat eccentric ; the stars are at least 
7,500,000 miles apart, and their combined mass 4|' times that of the Sun. 

Star Cluster M.35 Gemiaorum. 6h. 3m. -h 24© 21'. 

A fine and bright, but loose cluster of stars, without much trace of the condensation 
towards the centre which characterizes a globular cluster. 

II Monocerotis, 6h. 24m. - 6^57'. 

A very striking triple star, A of the 5th magnitude, B and 0 of the Gtli. B is in position 
angle 131“ and distance T ; 0 in 120®, distance There is no evidence of relative motion 
in this system. 

a Canis Majoris (Sirius). 6h. 41m. — 16“ 34'. 

The brightest star in the sky, Mag. - 1*6, of large proper motion, and large parallax. 
Irregularities in its proper motion suggested that the star must have a companion, which was 
discovered in 1862. Its magnitude is about 9, but it is visible only in the largest telescopes, 
being very hard to see on account of its nearness to the brilliant primary. In 1903*1 its 
distance was 6"*3, in position angle 128°. The parallax of Sirius as determined by Gill and 
Elkin is 0"‘37. The period of the companion is 52 years, and mean distance from Sirius 8" *03 
Erom these data we may conclude that the total mass of the pair is 3*7' times that of the Sun 
but their combined light is 32 times ; that their distance apart is 22 times that of the Earth 
from the Sun. From the irregularity in the proper motion of Sirius it may further be 
shown that Sirius is only about twice as massive as its companion, though it is 10,000 
times as bright. The great intensity of the light of Sirius, 30 times that of the Sun, with only 
2^ times its mass, and the dimness of the companion are very remarkable. 

a Geminorum (Castor). 7h. 28m. 4. 32*" 6'. 

A very fine double star, one of the best objects for small telescopes. Magnitude 2*0 and 
2*8 ; distance (1902) 5"*7 ; position angle 223^ Period of revolution about 1,000 years. The 
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interest of this system has been greatly increased by the discovery that the fainter component 
is a spectroscopic binary with a heavy dark companion. Period 2’9r> days ; velocity of bright 
star ill orbit 22 miles per second ; radius of orbit at least 1,800,000 miles. 

a Canis Minoris (Procyon). 7h. 34m. + 5“ 29'. 

One of our nearer neighbours among the stars. Annual pai’allax 0'''33 ; proper motion 
1"'25 ; Mag. 0'47, whence its light is about six times that of the Sun, and its velocity at right 
angles to the line of sight about 11 miles a second. 

A binary star with a faint but relatively very massive companion, wlioso jirescin'e hrst 
became known by the large irregularities which its attraction prodiiccB in the motion of the 
principal star. The disturbing companion was at last diHCOvertul with the groat Lick 
telescope in 1805, mass is about equal to that of tlio Sun, but the light that it gives 
is very much le^^Jperhaps about one-thousandth. 

^ CaTicri. 8h. 6m, 17° 59'. 

One of the rrfCst remarkable mvltiph stars in the heavens. It is composed in the first 
place of two stars, A and B, of the 5 and 5*7 magnitudo respectively, whoso orbit has been 
well determined. These two revolve around each other, in a periofl of 60 years, at a distance 
of less tlian 1", and are accompanied by a third star, C, of f>‘5 magnitude, which revolves 
around the centre of gravity of all in an opposite direction. From irregularities in the 
motion of 0, wliich take place in a period of 17 J years, it is coned udod that it is but a satellite 
of an invisible body around which it revolves in tliat time, deacribing an ellipao with a radius 
of about one-fifth of a second, and that the two together circle around A and B in 600 or 
700 years. 

Cluster M.44 Cancri, 8h. 34m, + 20® 21'. 

A large and loose cluster of stars known as Piu'scpo, or the Bee-hivo, To the naked eye 
it appears as a nebulous patch of light a little south preceding 7 Cancri. A fine otject in 
small telescopes. 

£ Hydrae. 8h. 42m, + 6*00', 

A beautifixl triple star. A and B are respectively of the 4th and 6tli magnitude, and are 
so close that only the most powerful telescopes can separuto them. Posltlon-angio 23*, 
distance 0"T3 (1002), yellow. The companion 0 is 7th magnitude, blue, in poiitlon-ai*gle 
234“, distance 3"-47 (1902). 

a Leonis (Regulus). lOh. 3m. + 12* 27'. 

This bright star (magnitudo 1*23) has quite a largo proper motion, 0**27 per annumi but 
a small parallax, 0"‘02, whence it follows that its light ruuet bo aqu^ to that of 1,000 of 
our Suns. 

y Leonis. lOh. 14m. + 20* 22'. 

A very fine double star, orange yellow. Magnitude S and 4 \ dlitanoe 3**81 } poi!tio« 
angle 115‘‘*7 (1903.8, Lewis). Binary with a period of about 400 ye«n. 
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Planetary Nebula H. IV. 27 Hydr^. lOh, 20m. -- 18 “ 8'. 

A typical planetary nebula, 'vvliose light is equal to that of an 8th magnitude star. 
Admiral Smyth describes it as “resembling Jupiter in size, equable light, and colour/^ 
though of course it is not nearly so bright. Its spectrum consists of bright lines, and it is 
therefore gaseous. 

T] Argus. lOh. 41 m. - 59 ° 10', 

This, one of the most remarkable stars in the sky, set in the middle of one of the most 
remarkable nebula), is unfortunately too far south to be visible in European latitudes. 
During the 18th and early part of the 19tli centuries it was a naked-eye star between the 
2nd and 4th magiiitude. In 1837 it rose quickly in brightness to first magnitude, faded a 
little, and in 1843 rose very nearly to the brightness of Sirius. In the following 30 years it 
sank steadily to magnitude 74, where it remains. Its spectrum is of the peculiar type 
associated with the temporary stars, and it seems to differ from them principally in being 
semi-permanent. 

Planetary Nebula M.97 Ursae Majoris. lib. 9m. 55*" 34', 

In small telescopes a faintly luminous disc about the size of Jupiter. In. very large 
telescopes it appears to have a very complicated structure. The Earl of Eosse lound two 
condensations surrounded by spirals in opposite directions, from which it obtained the name 
of the “ Owl Eebiila.” This, like nearly all planetary nebulae, gives a spectrum of bright 
lines, and is therefore gaseous. 

^ Ursse Majoris. llh, 13m. + 32'’ 6 '. 

A beautiful double star, rather close for small telescopes. Magnitude 4 and 5 ; distance 
2"*3; position-angle 144“ (1902). Period about 60 years. The brighter component has been 
shown to have a variable velocity in the line of sight, which shows that there is a third star 
in the system, but the data are not yet complete. 

This star was one of the first stars recognized as binary, having components which move 
about their common centre of gravity in accordance with the law of universal gravitation, 
and it was actually the first whose orbit was computed on gravitational principles. 

i Leotiis. llh. 19 m. + IT 5 '. 

A rather close double star. A, 4th magnitude, pale yellow, and B, 7^ magnitude, bine. 
Position-angle 53® ; distance 2"17 (1900). There is considerable relative motion, and it is 
almost certainly a binary. 

24 Comae. 12h. 30m. 4 - 18 ® 56', 

A fine, but wide, double star. A, 5j magnitude, orange, and B, 7 magnitude, blue. 
Position-angle 271° ; distance 20" The colours form “a striking and beautiful contrast.’’ 

a Crucis 12h. 21m. - 62 ° 33 '. 

This, the brightest star in the Southern Cross, is a very fine triple star. Magnitudes 1 *5, 
1’8, and 6 ; the bright stars a fairly close pair, distance 6"‘0, position-angle 118°; and the 
fainter, distant 90" in position-angle 202°. The parallax of the bright stars is 0"'05. 
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y Virginis. 12h, 37ra, — 0“ 54'. 

A most interesting binary system, consisting of two stars of the 3rd magnitude ; distance 
5"-74; position-angle 328'*! (1902). Period about 194 years. Its orbit is very eccentric. 

In 1831 the distance was 1"*5, and in 1832 Sir John Herschel predicted that within the next 
year or two it would close up to Bueli an extent that “ none hut the very finest telescopes 
will have any <;d)ance of showing this magnificent plienoineuou.” Tins prediction was verified 
n 183(1, when the Dorpat refractor alone was able to elongate the star. 

a Canum Venaticorum. 12h, 51m. -i- 38“ 52'. 

A very easy and iuterosting double, showing no signs at present of a binary character. 
Magnitude 3 and 0 ; <listance 19"’8 ; position-angle 227“. This star was named Cor Caroli 
by Halley, at tlie siigge.stioii of tlie court physician, who believed that it appeared more 
brilliant tliau usual on the evening before the return of King Charles II to London. 

^ Ursse Majoris. I31i. 20m. + 55“ 27', * 

Probably the best known double star in the sky, and certainly one of the easiest to find 
iind most efieetive to look at in a small telescope. It is the middle star of the Bear’s Tail. 
Magnitutlo 2*1 and 4*2; position -angle 147“‘4; distance 14"*4 ; revolution very slow. The 
larger star of this pair is itself double, though telescopically single. It was the first 
discovered spectroscopic binary. Botli componentB are bright, and of nearly etpial magnitude. 
They revolve in 29 days 14 hours, in an ecccmtric orbit ; their combined mass is at least four 
times that of the Sun, and they are many times more himinous. 

\ About 11' away is tim 5th inagnitudo star, Ale, or, forming, with ^ Ursiu, the bcBt-knowii 
I example of a naked-eye luiir. 

4 t Virginis. 13h. 20 m. - 10 “ 38'. 

A first inftgnitiulo ntur wIkwi* siKMitruiii is shifted luinkwnrda and forwards every four 
days by an amount denoting a revolution at the rate of .’■>7 miles a second round tlie oomttion 
centre of gravity of itscir and atiomtwmion whose siit'etrum is just perceptible. Combiuod 
mass at least 52^ times Sun. 

Globular Cluster «» Centauri. 13b. 21m. - 46* 57'. 

The finest cluster of its kind in the sky, containing about 8,000 stars in a apace of about 
20' diameter. Visible to the naked eye as iv haxy comct-llko object, giving ns mueli light as 
a 4th inagnitudo star, 'riio cluster coiitaiiis 12,'> variable stars, of which 88 have iicriods less 
than 24 hours. 

Cluster M. 3 Canum Venaticorum. 13h. 38m. +• 28* 53'. 

A very fine cluster of stars of the 11th magnitutlo anti fainter, not very easily resolvahlo 
with small tolcscoiies. 'riiis cluster is extmonlinarily rich in variable stars ; no less than 132 
cut of 800 stars eicaminotl are regularly variable, many ot them in very short periods. 

a Bootis (Arcturus). 14h. llm. + 19* 42'. 

The brightest star of the northern sky, with the very large proper motion of 2"'27 pet 
year, which in the course of 1,000 years carries it across a space in the sky equal the apparent 
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diameter of tlie Sun or Moon. Yet its parallax with respect to the fainter surrounding stars 
is small-only 0^' 026 (Cliase), whence it follows that its velocity at right angles to the line of 
light is about 200 miles a second, and its light is many hundred times that of tlie Sun. 

a Centauri. 14h. 33m. - 60® 25'. 

A splendid binary star. Components of the first magnitude; distance 2l"*6 ; position- 
angle 211" (1902). Period 81 years. This is the nearest star to the Solar System, witli a 
parallax 0"-76. The masses of the stars are very nearly equal, and one of them is in si)cctrmn 
and in mass an almost precise counterpart of our Sun. The semi-major axis of the orbit 
is 23-6 times the length of the distance from Earth to Sun, or about a mean between the 
distances of Uranus and Neptune. 

8 -Bootis. 14h. 41m. + 27° 30', 

A most beautiful binary star. Magnitude 3, yellow, and 6|, blue ; distance 2"*6*5 ; 
position-angle 328"’4 (1900.5), 

I Bootis. 14h, 47m. + W 31'. 

A very interesting binary star of great eccentricity of orbit. A, magnitude 4 6, yellow ; 
B, magnitude 6 ’5, purple. According to See’s orbit, published in 1896, the |)crio(l is 128 
years; but inasmuch as the place predicted from his orbit for 1903.5 was 154" '7, 1"*25, 
whereas at that time it was measured as 186"'9, 2" *36, it is evident that tliis orbit requires 
modification. 

Cluster M. 5 Libras. 15h. 14m. + 2“ 27'. 

A globular cluster of fiiint stars remarkable for the. nimiber wliich are variable, about 
one in eleven, in periods mostly about 12 hours. 

(T Coronae. 16h. Hm. + 34= 7'. 

An interesting binary star, with a period probably about 400 years. A, fitli magnitude, 
yellow; B, 7th magnitude, bluish. Position-angle 210'"; distance .1"*38 (190(3). xiie stivrs 
were at their closest about 1830, when their distance was only a littl(‘. more than 1" ; since 
that time they have been gradually opening out, and will continue to tlo so yet for about 
100 years. 

a Scorpii. 16h. 23m. - 26“ 13'. 

This fine reddish first magnitude star, the heart of the Scorpion, lias a green 7th 
magnitude companion at a distance of 3", in position-angle 270" ; but it is not easy to 
see on account of the glare of the bright star. 

^ Herculis. 16h. 38m. + 3U 47'. 

A rajiid binary star, which has p^formed more than three complete revolutions since it 
was discovered by Sir William Herschel on July 18th, 1782. A is 3rd magnitude, yellow ; 
and B is 6tli magnitude, bluish. Its period is about 35 years, and the greatest seiiaration of 
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tlie components 1^". The compauion passed periastron last in 1899? .at a distance of 0''*5 ; 
since then it has opened oat considerably, and a recent observation gives position-angle 
205®*6, distance 1"'04 (1902'5). There is considerable evidence that the companion varies in 
colour from red to blue. 

Globular Cluster M. 13 HercuUs. 16h. 3Sm. + 36“ 37'. 

The finest globular cluster in the northern slcy, and effective even in a small telescope, 
though the richest parts of the cluster can scarcely be resolved in the largest instrunients. 
The whole contains at least 5,000 stars, of which only two of a thousand exiunined j)roved to 
be variable. 

fjL Scorpii. 16h- 45m. - 37“ 53'. 

Shown by the spectroscope to be a binary star with the short period of 34 hours 
42 minutes. The two componentB have at niaxiniinn a relative vcdocity of nearly 300 miles 
a second j this gives their separation as at letist 0,000,000 miles ; and this their combined mass 
as at least 15 times that of the Sun. 

a Herculis- 17h, 10 m. 4 - 14“ 30'. 

One of the finest coloured double stars. Magnitudes orange, and (>, blue ; distance 
4"’88 ; position-angle 1 12"'l (1901*5). The position-angle is very slowly diminishing. 

Nebula M. 17 Sagittarii. 18h. 15m. - 16“ 15'. 

The Omega or Horse-shoe Nebula. This is one of the nebulm that can be Been with 
comparatively small optical power. It is guaeoua. 

Nebula and Cluster M .8 Sagittarii. ITh. 58ra. - 24“ 22 ^ 

A magiiificont irregular nebula in a very rich field of stars, too far south to bo well seen 
in the latitude of England, where it rises only from 10® to 15“ above the southern horizon. 
In a fine climate it is easily visible to the naked oyc, and Gore speaks of it us a glorious 
object with a 3-in. refractor in the Punjaub.” 

Planetary Nebula H. IV. 37 Draconis. 17h. 59m, + GO” 38^ 

One of the most coimpi(tuouH idanetary nobuhe in the slcy, of a decided pule blues colour, 
looking, as do all suesh abjeeits, very much like a Ktar out of focus. Gaseous. 

This object lies close to the north polo of the ecliptic. 

a Lyj^ (Vega). 18h, 34m. - 1 * 38« 41'. 

TJid second brightest Rtar of the northern sky. A very white star, in whoso atmoRphere 
hydrogen is eanspicuously absorbent, Proper motion 0"%36 ; annual imrallnx wlicnce 

its light is about 100 times that of tho Sun, and its velocity at right angles to the line of 
sight about 13 miles per second. 

€ Lyra. 18h. 41in. + 39* 30'* 

, ^ A double star with components about 3' apart, soparnted to a good eye on clear moonless 
nights, and beautifully seen in an opera glass. A Sdn, telescope will show that each of tho 
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Si'll!! IS itself % double, distinco 2j ' iiid 3" Betwecu the two pans *110 tliiec sm illci stars 
visible m a 4 111 telescope 

Nebula M 57 Lyrae ISh 50m + 32 ’54 

The tamous Bins; iN’cbiila, vtiy oa*^y to find on tlu hue hctwoeii (3 iiid / L>i e In i 
small telescope it ippeus os 1 1 niit iiiif;, ‘‘ i iielml i 'ivitli i hole 111 it” , in 1 ii£;e instiumeuts 
it IS seen tint the tciiti il opening is not cntiicly ck 11 ot nebulosity E\actly ni the centre 
IS a star which ib veiy t iint in the I iigcst iiisiiuiiu iits, bnt whu li photo ;i iphs eoinp u itively 
easily Poi the piotuie of it nude wirh i veiy i>owerlul photogi ii>hie tclebcopc see 
Plate 77 

(3 Cygni 19h 27m + 27^ 45' 

The finest coloured double st u in the sky for small telescope s MagnitudcB 3, yellow 

and blue Distance 34" 2 , position ingle 55 2 

a Aquilae (Altair) 191i 46in + 8“ 36' 

M ignitude 0 95 , pardl i\ 0" 23 ^ 's\ hence the light is about eight tinns that of the Sun 

a Capneorm 20h 13m - 12* 51' 

A fine pair of stais of tho Sul and 1th mignitudc, about (5' a]uit, md iasil;y sepu ible to 
the naked eye The picccdiiig stu his i 0th nugnitude (ompiniou di^t uit about 40" in 
position angle 221* , and tlio following a 9tli in igintudi co ip uiiou, distant 1 0 1 ni position 
angle 156 Tlieie aao also several faint closer comp inious to these stais, and the whole foim 
a very fine gioup 

y Delphim 20h 42m + 15 46' 

An eisy double star Mxgmtudcs 1, yellowish, and % bluish , dist mu 11"' 2 , iiosition 
angle 270 0 , lelative motion, if any, voiy slow 

61 Cygni 21h 2m +38 13' 

A double star Magnitudes 5 3 and 69, distance 22", jiositiou aiurlo 125* (1000) 
Pamous as the fiist stai whoso distaiu 0 was dc tc iminul Tlu p ui 1 i<ib a \ ciy 1 iigt t onimou 
propel motion of over 5" pei year, whidi iiomltd it out is piub ibly ntai to the Sola System 
The mean of the best determinations of its pxi illa\ is 0' 59 , it is therefore, w itli one rather 
doubtful exeeption, tho neaiest star in the noithciu sky Its light t ikes ne<iilv 8i ycais to 
reach us, and tho two stais togethoi give only about one tenth the light of the Sun 

fj, Cygni 21h 40m + 28 18' 

A fine double star, probably a biiiaiy, a good test foi a small telescope Magnitudes 4 and 
6 , distance 2" 60 , position-angle 122“ 1 (Lewis, 1901 9) Tlicrt is a c ompanion, inagnitjido 7i , 
distant 209", m position angle 67 , which docs not form part of tho system Since they were 
observed by Sir William Horschel in 1779, tho pan has closed up fiom a sex)cUutioii of 7" to 
its present distance 
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^ Aquarii. 22h. 24m. - 0** 32\ 

A well-known ami striking douMe star, easy to find in the centre of a triangle of nnkccl- 
eye stars ; probably binary of long period. Magnitudes 4 and 4 ; distance, 3"*1 ; position- 
angle 321'* (1899-9, Maw). 

<5" Cephei 22h. 25ra. + 57® 54'. 

A remarkable double star, of whicli tlie brighter component is variable from 3’7in. to 
4'9ni. in a period of 5(1. Bli. 48iu., and is a spectroscopic binary of the same period. But the 
variation of light is not due to an eclipse, since at the time of miniimim the motbn in the lino 
of sight is at a inaxiinuTn. The variation is nevertheless undoubtedly due to the infiuonco of 
the dark conipanion, possibly something of the mature of a tidal disturbance. This star is 
typical of quite a numerous class of variable stars of short period, wliich are prol>ably all 
spectroscopic binaries of the same type. All have the characteristic that tlie rise in light is 
much quicker than the decline, 

<7 Cassiopeiae. 23h. 54ra, + 55“ 12^ 

A fine (lou] )le star. A, magnitudo 5, white, and B, magnitude 7^, blue. Position-unglo 
324“ ; distance 3"U 
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Plvte 83 

STANDARD TIME 

As soon * 1 ^ commuinoition "by laihvay and telcjori'ipli is esti'bli'shcd in a countiy, it is 
con'venient to idopt tin the coimtiy x nniloi in sj stem ot time Yery xisu illy tlic 

time -idoptod 1ms hem it lu-^t the mean tune of the cipitxl But as coinmxmic'ition between 
(liffeient countnes iiKu is( s, gio it incoiivcniiiKC aiisos vixen illowinee has to be made fox a 
(litfeiciioe of i(lopt( d time luvoh mg an odd number of mumto and 'seconds A kige iiimibcr 
of couiitues and sliios lux c tlieicfon idopted astandaid system of tunc based xipon tint ot 
Greenwich, and difidiug fioin it by an evict nxunber ol houis, with occasionally an odd h iL 
houi 

Plate 83 Aiows the system of standaid time idopted throughout the world, so for as it 
depends upon Giccnwuli In Exnope the tunc is generally th it of Giceuwich ox one honi 
fast of it Quito iccoiitly Franco has pxcpaicd to adopt Gicccwicli Tune, and the only 
countries not iiK liuled m the system are Portiigxl, Russia, Turhey, and Greece The time 
one hour fast on Greenwich is known as Mid Europe Time , that two hours fxst as Lastcrii 
Europe Time 

In the United St lies and Canada there are five divisions Intel Ooloniil or Atl intic 
Time IS lour hours slow, Eastern or Kew Yoik is fiyc hours, Central six hours, Mountain 
seven hours, and Pacific Time eight hoxus slow on Gieenwich 

On the 180th meridian the tune is 12 houis ditiercnt fiom Greenwich, and provision his 
to be made f 01 the change of date Since it would be very mcouaenient to use a different 
date in diffcicut isluids of the sune gioup, the “date line” does not follow exactly the 180th 
meridian, but is diawu ni <i /ig /<ig course to avoid land The greatest depaituie from the 
meridian is m tlicNoith Pacific Ocein, wheic the lino takes a wide sweep west to give the 
AJoutian Islands the Amencan date and then turns sharply eastward of the 180th meridian 
to avoid the exticuic eastein poition of Siberia To the cist of the line the date prevails 
which has come unxnd vi i Amciica , to the west the date that Ins come by the Old World 
Thus m the cxtieme oast of Siboiia the date ^s more than a day ahead of that in the 
Aleutian Islands 
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Bous8iirGA.TJi:.T, Lunar Object No. 25. PI. 26, 27, 

28 80 

Bradlbt, Lunar Mountain, PI. 23 33 

Buayley, Lininr Object No. 452, PI. 24 33 

Briggs, Lunar Object No. 445, PI. 24, 37,38 ... 33 
Brightness of Stars compared with Sim 03 


Brooks’ Comet, 1S93, IV.. PL 18 22 

Bttoh, Lunar Object No. 71, PL 25, 30 30 

Bulijaldus, Lunar Object No. 342, PI. 25, 34 32 
Burckhardt, Lunar Object No. 169, PI. 23, 27 31 

Burg, Lunar Object No. 215, PL 23 31 

Bubchino, Lunar Object No. 70, PI. 26, 30 30 

Byrgiub, Lunar Object No. 352, PL 25 32 


Cabeds, Lunar Object No. 304, PI. 25 32 

CALiPrus, Lunar Object No. 256, 1*L 23, 31, 32 31 

Cai.usto, Sutellito of Jupiter, PI. 7 30 

CAMELOrARDALLTS, PI. 51, 53, 54. 

Cami'anus, Lunar Oi»ject No. 340, PI. 25, 84 ... 32 
Cancer, ?1. 64 , 59, 60. 

Cancer, Cluster M44, PI. 60 75 

Oanori, Muliiple Star 75 

Canes Vbnatici, PL 55, 56. 

Canes VENaVrioi, Spiral Nebula in, PI. 55, 76... 60 
Oanis Major, PL 59, 60, 71, 72. 

Canis Majorib a, or Siriur, PL 59 74 

Canjb Minor, PL 59, 72. 

Canis MiNORrs, a, (Procyon) HlimryStur 75 

Cakum Venaticouum, M, 3, Cluster 77 

Canum VBNATJComJM, «, (Oor C’aroU), Double 

Star 77 

Cape of Good lions, U. Observatory, Photo- 
graph of Comet, 1901, L, PL 10 22 

Oapblla, or a Auma-K, PL 53 73 

CAPELiiA, Lunar Object No, 57, PL 26, 29 80 

Caphioornus, PL 63, 69, 71, 72. 

Oapricorni, a. Pair of Stars 80 

Capuanus, Lunar Object No. S37, PL 25, 34, 85 32 

Cardanus, Lunar Object No< 394, PI. 24, 88 32 

Carina, PI. 66, 67, 70. 

Oarinjs, » 7 , Variable Star, PL 67 54 

CabiNvE, U regularly Variable Star 53 

CARINA!, R, regularly Variable Star 58 


Carinje, Nova 1895, PI. 67 54, 76 

Carlini, Lunar Object No. 40S, PL 24, 84 32 

Carpathians, Lunar Mountains. PL 24, 84, 85 88 
Oasatbs, Lunar Object No* 805, PL 25, 86 ...... 32 

Casbini, Lunar Object, No. 258, PL 23, 82 ...... 81 

Cassini, J*. J,, opuuar Objeot No. 422, PL 24, 82 82 
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Cassiopeia, PL 51, 52, 53. 71. 

Cassiopei.'!-!, o, Variable Star, PL 62 54 

CASsroPBAi, R, regularly Variable Star, PL 52 63 

Cassioitiiab, jj, Double Star, PL 52 70 

Caksiopkle, (t, a Double Star 81 

Cassiopeu-;, Nova 1.572, PL 62 54 

Oathahina, Lunar Object No. 81, PI. 26, 30 ... 30 
Caucasus, Lunar Mountaiiw, i, PL 23, 81, 32, 

33,34,35 26,33 

Cauchy, Lunar Object No. 161, PL 23 31 

Cavalkuius, Limar Object No 392, PL 24, 37, 38 32 
Cavendish, Lunar Ob.joct No. 361, PI. 26, 86, 37 32 

Caylbv, Lunar Object No. 254, PI. 28 31 

CiiNsouiNus, Lunar Object No, 66, PL 26....,,... 30 
Ckntaurus, PL 07, 68, 72. 

Ck.ntauhi, (i>, Globular Cluster 77 


Ckntauhi, a, Binary Star 78 

Centauri, Nova 1895, PI, 07 54 

(Jentuai. Meridian. — ^I' he line Joining the north 
lioint to the south point on one of the 
Moiitbly Maps in this Atlas. 

Cki'HKT, regularly Variable Star, PI 62 68, 81 

Ckphkub, Lunar Object No. 182, PL 23 31 

Ckpiikub, PL 61, 62, 67. 71. 

Ckureuus (Cauiil), on Mars, PL 8 12 

Cbu KB, diameter of. 8 

Cm, T, Variable Star, PL 63, 64 54 

Ceti, 7, a Double Star, PL 68 72 

Obti, a Double Star, PL 68 48 

Cm, 0 , (Mira), Variable Star, PI. 68 63, 71 

Cetus, PL 58, 63. 04. 71, 72. 

Chamah-kon, pi. 70 , 

Chauounac, Lunar Object No. 219, PI. 28, 29, 80 

Cham.is, Lunar Object No. 199, PL 28 31 

ChahontibLaoue, ou Mars, PL 8.,..,..,......,,., 12; 

Charts for Sun Spot Obbbrvationb, PL 18... 16 

Chart OF M ars, PL 8 11 

Chkvallier, Lunar Object No. 186, PL 

28 81:' 

Chbwtian Ma YE n, Luniir No. IK#. ?! #1 81 
CxoBUS, Lunar Object No. 84^, PL ^ 

CiaoiNDB, PL 08. . 

Circle (Great).— A olroli wblo^ 

sphere Into two eqniil porttoif ; ^ ^ ? 

OmoLKBOFTBHSFHEXm ... 

OmouMFouR Stars 

Oi^AiaAUT, Latisr pp 

Claubius, Lunar 
Olaviub, Lnuar 
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CLJOMFDFfa Luinr Object No 1G7 PI 23 27 28 31 
CLEOSTiuius, lunar Object No 437, PI 24 38 32 
Ca:LUM, PI t5 

Colombo Lunai Object No 34, PI 26 2^ 30 

COLUMBA, PI 65, 66 72 
Com Beubnicis, PI 55 61 
CoMJE bBitt-xicis, 21 i Double Stai, PI Cl 76 
Comet 01 Bn la PI 3 5 

Comet oi Bhools, lb03 PI 18 22 

CoMJ^i 01 Donah, Oct 5 1858 PI 17 21 

CoMEi 01 1^1 luuNi , 1902, III PI 19 23 

COMITOI IlOIMES 1892 PI 18 21 

Comet oi 1882, PI 4 6 

Comet 1 , 1866, Oibit of, PI 3 6 

CoMPT III , 1862 Oibit of, PI 3 5 

CoMiTl 1901, PI 10 22 

COMl ANION TO IHF ObSFRVATOEY 51 

COMIARATIV*? &rzt g OI IIIB Pi ANLXS, PI 6 7 

CONDAMINE, Lunu Object No 423, PI 24 34, 

8o, 3b 32 

CONDORCH, Lunu Object No 140, PI 23,27 31 
Conic a PiiojioiiON for Star M vi s 49 

Conjunction — Used oi two planets when tliey 
liave the same longitude, viewed iroin the 
Sun 

CONON, Lunar Object No 239, PI 23 31 

Cook, Lmui Object No 35 PI 26 30 

Copi KNicus, Lun u Object No 380 PI 22 24 
33, 34, 35 24, 32 

Cor Carou, a Double Star 77 

Cordilleras, Lunar Mountains 33 

Cordoba Dm chmusterung Atlas 51 

Corolla, PI 69 
COBONV BORFALlb PI 56,71 
CoRONvoi Sun, PI 16 18 

CoBONiE (T, a Double Stii PI 56 78 

CORON?u L irregularly Vaiiable Stai, PI 66 54 
CORONiE T , No\a 1866 PI 66 64 

CORONIUM Uni nown Gas in Sun 19 

CORVUS, PI 60 61, 71, 72 
Crater, PI 60, 67, 71, 72 
Crisium Make, Luuir Sea, A, PI 23, 27, 28, 

29 30, 31 33 

Crozier, Lunar Object No 38, PI 26 30 

Ceuger Lunar Object No 361, PI 25 37 32 

Crux PI 67,72 

Cruois, a. Brightest of Southeni Cross 76 

Culmination,— The passage of a heavenly body 
across the meridian 

CuiiTius, Lunar Object No 132, PI 26, 81 80 
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CuviBR Lunar Object No 125, PI 26 30 

C\GNi /3 a Double Star, PI 57 SO 

Cl ONI, fi a Double Star, PI 57 SO 

CiGNi, X regulaily Variable Stai, PI 67 C3 

Cyoni 61 1 Double Star PI 67 SO 

CiGM Nov 1 1876 PI j7 54 

CroNDS, PI 52 57 71 

Cygnds Nebula 111 PI 7o 60 

Ctrillus Lunai Object No 80 PI 26 30 30 

Ctsatus Lunar Objeet No PI 25, 33 32 

D Alembert Mts Lunai Objeet 33 

Danikii, Lunar Object No 217 PI 23 31 

Damoisfatj Lunai Object No 364 PI 25 32 

Date Change of PI 83 6 > 

Dvvis II Photograph of Solar Coiona, PI 16 19 
Du 1, Lunar Object No 269 PI 25 31 

Duves Lunar Object No 226, PI 23 30 31 

Declination — ^The angular distance of a celes 
tial body fiom the Equatoi 1 

Dpimos one of the Satellites of M irs PI 7 10 

Dblvmbre Lunar Object No 73 PI 26 30 

DplvEue Lunar Object No 189 PI 23 28 29 31 

Dei AUNAi Lunar Object No 103, PI 26 30 

Dl LISLE, Lun ir Object No 406 PI 24 Bo 32 

Dehiiin, pi 63 71 72 

Dfhhini y a Double Star PI 63 80 

Dpluc, Lunar Object No 297, PI 25 32 32 

Democritus Lunar Object No 193 PI 23 31 

Dp Morgan Lunar Objeet No 2o3 PI 23 31 

Deboartfs Luuir Object No 84 PI 26 30 

Descending Node of Orbit op Planei PI 3, 4 5 

De Vico, Lunu Objeet No 854 PI 2o 32 

Dionb, Satellite of Saturn PI 7 11 

Dionysius, Lunar Object No 248, PI 23 25, 31 

Diophantus, Lunar Object No 405, PI 24, 35 32 
Dip of the horizon 2 

Distance op the Stabs 67 

Diurnal Parallax 2 

Dobrfel MoUNTAI^s Lunar Object 33 

DoNati Lunar Object, No 105 PI 26, 31 30 

Donati s Comet Oct 6th, 1868, PI 17 21 

Doppelmayer Lunar Object No 333, PI 25, 35 32 
Dorado PJ 66, 70 72 

Douglass Mr A E Map of Mars PI 8 12 

Draco, PI 61, 65, 66, 67, 71 

Draco, Planetary Nebula in, H IV 37 PI 51, 

66, 57 79 

Drbbbbl Lunar Object No 324 PI 26 32 

Dumb bell Nebula, m Vulpecula, PI 77 61 
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Earth, Dimensions of find position of Axis, PI. o ' 7 


■Earth-light on Moon 17 

Earth, Periodic Time of, PI, 3. 

Eccentricity of a. Planetauy Orbit, PI. 3 ... 6 

Eclipses, PI. 14 17 

Ecliptic. — T he apparent path of the hiiui among 

the Stars, PI. 1 1 

Edom Promontorium, on Mans, PI. S 12 

Egbde, Lunar Object No. ‘JlO, PI. 23 31 

Eiohstadt, Lunar Object No. 353, PI. 25, 38 ... 32 

Einmart, Lunar Ohjc*ct No. 102, PI. 23 31 

Eleoitia, ill Pleittde.s. PL 80 (12 

Elements, — U sed of a Plane Vs Orbit 4 

Elger, Mr. T, Gwyn. lh*eface. 

Ellipse.— -T he form of a Planetary Orbit 4 

Elongation. — T he apparent angular di.stanco 
of a body from its centre of motion. 

Enobladus, Satellite of Saturn, PL 7 11 

Enokb, Lunar Object No. 386, PI 24, 35, 36 ... 32 

Enokb'S Comet, PL 4 6 

Endymion, Lunar Object No. 1S8, I*L 23 27, 

28, 29 31 

Epigenss, Lunar Object No, 410, PI. 24, 32 82 

Equator (Cele.stial).— The groat Circle midway 
between the Poles, PI. 1 1 


Equatorial. — A Telescope mounted so as to 
follow a Star in its apparent daily motion. 
Equinox.— Either of the points on the Equator 
atwhicli tUeSuucimses in its annual course 


among the Stars 1 

Equulkus, pi. 63 

Eratosthenes, Lunar Object No. 8S2, PI. 24,33, 

34 32 

Euidanus, pi. 58, 59, 61, 65,* 71, 72. 

Eridani, 6>, Double Star 72 

Eros, small 1^1 an et, PI. 3 5 

Euclides, Lunar Ol'ject No. 370, PL 25, 34, 35 82 
Euotemon, Lunar Object No. 198, PL 23,29 ... 31 
Eudoxus, Lunar Object No. 208, PL 23, 30,31 ' 31 
* Euler, Lunar Object No. 404, PL 21, 34, 85, 36 32 

» EUMENiDES (Canal), on Mars, PI. 8 Itf 

'Euuofa,. Satellite of Jupiter, PL 7 10 


i 

■ Eabricius. Lunar Object No» 45, PL 26, 28, 2& 30 
^'Eacul.®,— P atches ou the Sun which are rigliter 
than other parts of the photosphere. 

, E^aaouNDiTATis Mare, in Moon , B, PI. 27-81 83 

; Eakaday, Lunar Object No. 120, PL 26 30 

:^^^IGIUM ABYN, on Mars, PL 8 12 

Lunar ObjectNo* 104, PI* 26 85 
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Fenyi, Drawings of prominences, PL 12 15 

Fermat, Lunar Object No. 91, PL 26, 30 80 

Fernelius, Lunar Object No. 118. PL 26,31 ... 80 

Fermicus, LuimrObject No. 137, PL 23, 27 30 

FJtt.sT point of Aries 1 

Flamsteed, Lunar Object No. 368, PL 26, 35, 36 82 

Foci of an elliptic orbit 4 

Focus. — A point where converging rays meet. 
Fomalhaut (a Pisci.s Australis), PI. 64, 72 
Fontana, Lunar Object No 359, PL 25, 36, 37 82 
Fontenellb, Imiiiir Object No 419, PI. 24, 36, 


34, 36 82 

Fornax, PL 66. 

Foucault, Lunar Object No. 428, PI. 24 32 

Fourier, Lunar Object No. 331, PL 26 82 

Pracastobius, Lunar Object No. 62, PI. 26, 29, 

30 30 

Fra Mauuo, Lunar Object No. 273, PL 25, 33 31 

Fiirooias. Make, in Moon, PL 23, 31-36, P 33 

FiiANKUN.Lunar Object No 1S1,PL28, 28 31 

Fraunhofer, Lunar Object No. 19, PL 26, 27 30 
FurnkuIUS, Lunar Object No. 14, PI. 26, 27, 28 
29 80 

Gaulbo, Lunar Obji^ct No. 453, PL 24 33 

(rAMRAUT, Limur Object No. 372, PI . 24, 88 82 

GANdRS (Canal), ou Mars, Ph 8 12 

Ganymkdb, Satellite of Jupiter, PL 7 10 

GAasKNDl, Lunar Object No, 847, PL 25, 85, 86 32 

Gartner, Lunar Object No. 192, PL 28 81 

Gauihcus, Lunar Object No, 282, PL 26, 88 81 

Gauss, Lunar Object No, 172, PL 23. 27,28 ...... 81 

Gay Lussao, Lunar Object No. 838, PL 24, 33, 

84,35 32 

Gbbbr, Lunar Object No. 87, PL 26 80 

Gemini, PL 64, 69, 71, 72. 

Geminorum, a (Castor), a Double Star, PL 54 74 

Gsminorum, tjf Yariable Star, PL 54, 59 58 

Geminorum, regukrly*- PL 54, 

69 58 

Geminorum, M. 86, Star Cluster 74 

0 iMi.voRUM, Nova 1903, PL 64 54 

OEMiNua, Luunr Object No. 178, PL 23, 27...... 31 

Gemma Prisius, Lunar Direct No. 95, PI. 26 30 
Gerard, Lunar Object No. 441, PL 24 38 
Gibbous, Planet when so called, PL 6 S 

GibJa, Lunar Direct No. 201, PL 28 .............. 31 

GoDimus, Lunar No. 81, PI* 93* $8, 29 . 30 
Godin, Lunar Ol:\|oot No*. 246t FL H 31 
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G 0 IjC sc HMroT, Lunar Object No, 417, PL 24, 32 : ' 

33 32 

Great Alpine Valley, Lunar Object No. 211, 

PL 23, 32 3:i 

Greenwich, Royal Observatory, Photograpli of 

Sun, PL 11 15 

Greenwich, Royal Observatory, Pliotograpb of 

Perriue’s Comet, 1902, PL 19 23 

Grimaldi, Lunar Object No. 363, PL 25, 37, 38 32 

Grote, Lunar Object No. 212, PL 23 31 

Gruembbrger, Lunar Object No, 303, PL 25 ... 32 
Gruithxjisen, Lunar Object No, 451, PL 24, 35 33 
Grus, PL 64, 69, 72. 

Guerike, Lunar Object No. 270, PL 25^ 33 31 

Guttemberg, Lunar Object No. 32, PI. 26, 23, 

29 30 

Hadley, Lunar Mouiitam, t 33 

Lunar Mountain,/, PI. 23, 31, 32 33 

Hageoids, Lunar Object No. 21, PL 26 30 

Hagen’s Atlas of Variable Stars. 51 

PIahn, Lunar Object No. 170, PI. 23 31 

PIainzel, Lunar Object No. 326, PL 25, 34, 35 32 

Halley, Lunar Object No. Ill, PL 26, 31 30 

PI alley’s Comet, PI. 4 6 

Hanno, Lunar Object No. 143, PL 26 31 

ILansen, Lunar Object No. 150, PI. 23 31 

Hanstebn, Lunar Object No, 357, PL 25, 36 ... 32 

Harbinger Mountains, in Moon, o, PL 24 33 

Harding, Lunar Object No. 440, PL 24 33 

Harkness, W., Photograph of Solar Corona, 

PL 16 19 

PIarpalus, Lunar Object No. 429, Pi. 24, 36 ... 32 

Hase, Lunar Object No. 10, PL 26 30 

PIausen, Lunar Object No. 320, PL 25 32 ' 

PIeavens, Sphere of the 1 ! 

HEOATJf^us, Lunar Object No. 5, PL 26. 27, 30 I 

Heiksius, Lunar Object. No. 292, PI 25, 33, 34 32 ' 

Heeicon, Lunar Object No, 410, pi. 24, 34 32 ' 

Hell, Luuau Object No. 279, PL 25 31 

Hellas, on Mars, PI. 8 12 ' 

Henry, Photographs of Pleiades, PI. 80 62 

Hercules, PL 56, 57, 62, 71. 

Hercules, Globular Cluster in, Aj;.,13, PL 75, 76 79 
Hercules, Lunar Oly'cet No. 18/ PL 23, 29 ... 31 
HergUEIS, a , irregularly Variable Star, PL 62. . . 62 

Herculis, a, a Double Star,. PL 62 79 

. Herculis, g, Variable Star, PL 56 54 

Herculis, w, Variable Star, PL 56 54 

■Herouub,, a Double Star, PL 56 78 
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Hercynian Mountains, in Moon, p, PL 24 .33 

Herigonius, Lunar Object No. 348, PI. 25, 35' 32 
PTermann, Lunar Object No. 367, PL 25 ......... 32 

PlEiioDOTDS,, Lunar Object No. 448, PL 24, 36, 

37,38 33 

IIerschel, J. F. W., Lunar Object No. 430, I’L 

24, 35 32 

PIersohel, Lunar Object No. 263, PL 25, 32 ... 31 
PIerschel, Caroline, Lunar Object No. 407, 

PI. 24, 34 32 

Hesiodus, Lunar Object No. 281, PL 25, 33 31 

PlEVEL, Lunar Object No. 391, PL 24, 37, 38 ... 32 

Hilda. — One of the Minor I^lanets, PI 4 6 

Hind, Lunar Object No. 112, Pi. 2(5, 31 30 

PIiPPALUS, Lunar Object No. 345, PL 25, 34, 35 32 
PlippARCHus, Lunar Object No. 110, PL 26, 31, 

32 30 

Holmes’ Comet, PL 18 21 

PIOMMEL, Lunar Object No. 51, PL 2(5 30 

Hooke, Lunar Object No. 177, PL 23 31 

Horizon, PL 1 2 

Horologium, PL 65. 

PIORREBOW, Lunar Object No. 454, PL 24 33 


Horrocks, Lunar Object No. 113, PL 26, 31, 32 30 
PIORTENSius, Lunar Object No. 378, PL 24, 35 32 
Hour Angle. — The angle between the meridian 
and a great circle from the pole to a celes- 
tial body. 

PIouzEAU, Star Places given by 50 

PIuGGiNs, Lunar Object No. 146, PL 23 31 

Humboldt Mountains, Lunar Object 33 

PlUMBOLDTiANUM Mare, iu Mooii, Pl. 23, 27, 28, 

29,30 33 

PIUMBOLDT, W., Lunar Object No. 12, PI. 26, 27 30 
PIumorum MARE,iu Moon, T, PL 25,35,36,37,38 33 

PIUYGENS, Lunar Mountains, v, PL 23 33 

PIyadks, a group iu Taurus, PL 71,72. 

Hydra, I>L 59, 60, 61, 66, 67, 68, 71, 72. 

. Hydra, Planetary Nebula in, H IV, 27, PL 60 76 

HYDEiE R., regularly Variable Star, PL 61 53 

I-lYDRiE U., Variable Star, PL 60 .54 

PlYDRJS e, a Double Star, PI. 60 75 

Hydrus, PL 64, 65, 70, 72. 

Hyginus, Lunar Object No. 213, PL 23 31 

PlYRATiA, Lunar Object No. 72, PL 26, 30 SO 

PIyperion, Satellite of Saturn, PL 7 H 

Iaretus, Satellite of Saturn, PL 7 11 

IMBRIUM Mare, in Moon, L, Pl,. 24, 8248 ...... 83 
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LAGiiANaB, Lunar OT)ject No. 330, PI. 25, 87, 88 82 

La Hirb, y, Lunar Mountain 33 

Lalanub, Lunar Object No. 262, PI. 26, 83 31 

Lambbkt, Lunar Object No. 402, PI. 24, 83, 34 

36 82 

Landsbbro, Luuar Object No. 371, PI. 24, 26, 

34, 35 32 

LANQUiiNUS, Lunar Object No. 1, Pi. 26, 27, 28, 

29 30 

La Pbykoubb, Lunar Object No. 142 31 

Laplaob Pbomontory, in Moon, w, PI. 24, 34, 

35, 36, 37 38 

Lassbll, Lunar Object No. 268, PI. 26. 31 

XjATITUdb. — ^T lie angular distance of a heavenly 

body from the Ecliptic. 

Lavoibibr, Lunar Object No. 442, PI. 24 83 

Lee. Lunar Object No. 834, PI. 26, 86 82 

Lkukndub, Lunar Object No. 11, PI. 26, 27 30 

Lb Okntil, Lunar Object No. 144, PI. 26 81 

Lkhmanw, Lunar Object No. 827, PI. 26. 36 ... 82 

LBiimiTX Mountains, Lunar Object 38 

Lk Monnieii, Lunar Object No. 220, PI. 23, 20, 

30,36 81 

Lko, PI. 54, 65, 60, 71, 72. 

Leo Minor, PL 64, 55. 

Lkonidb, Meteor Shower, PL 4 5, 66 

Kant, Lunar Object No. 78, PL 26 30 Lkonis, a, (KeguluM) 75 

KXstnbr, Lunar Object No. 2, PI. 26, 27 30 y, a Double Star, PL 54, 60 76 

Kbaenky, J., Photograph of Solar Corona, pi. 16 19 Leonis, a Double Star, Ph 6J 76 

Kebler, J. E., Photograph of Spiral Nebula in Lbi’Uh, PL 59, 65, 71, 72. 

Canes Venalici, PI. 76 60 Lktuonnh, Lunar Object No. 849. PL 25, 85, 86 32 

Keblbe, d. B., Photograph of the Duiub-boU Lkvkhiurr, Lunar Ol^ect No. 409, PL 24, 34... 82 

Nebula, PI. 77 61 Lrxkel, Lunar Object No. 286, PL 26 81 

Kbelbb, j. E., Photograph of Iting Nebula in Libka, PL 61, 62, 68, 71, 72. 

Lyra, PI. 7S 61 Libra, Clueter M. 6 78 

Kbplbr, Luuar Ol»ject No. 887, PI. 24, 36. 36... 32 Libk/B, 5, Algol Variable, PL 61 62 

Kies, r.uiiar Object No. 341, PL 2.1. 31.. 82 Libuation— T he iwiiiglug of the Moon by which 

Kjnau, Lunar Oiject No. 130, PI. 26 80 we can eometiinee see a margin beyond the 

Kiuoh, Luiittv Oiject No. 411, PI- 24..,. 82 half which U commonly directed towardi 

Kirchku, Lunar Object No. 3"8, PI, 25 32 us. 

Klaproth, Lunar Object No. 306, PL 25, 85 ... 32 Liobtub, Lunar Object No. 124, PL 26, 31 ...... 30 

KRAm, Lunar Object No. 305, PL 24, 38 32 Lichtknbkho, Lunar Oliject No. 444, PL 24 ... 38 

Kunowsky, Lunar Object No, 385, PL 24, 35... 32 LiOHT Ykaub 67 

Litius, Lunar Object No 12S, PL 26, 81 ....80 

Lindbnau, Lunar OljKt No. 68. PI. 26 80 

Laoaillb, Lunar Object No. 102, PL 26 30 Lihnb, Lunar Object Na 287. PI. 20. 28, 26, 81 81 

Lacbbta, pi. 62. Littkonv, Lunar Object No* 224, PL 28 ......... 81 

l^OROix, Lunar Object No. 828, PL 25 82 Lohrmank, Luuar Object 866, PL 26, 87, 88 82 

Laoob Mortis, in Moon, PL 2.3, 29, 80, 31 88 Lohbb, Dp. 0., ou Jupiter* *5iW Prefree. 

Laoub Somniorum, in Moon, PL 28, 29, 80, 81 38 Lono Pe&iod Vabxasubi 68 
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Indus, PL 64, 69, 70, 72. 

iNFKBiOB Conjunction 9 

Inghirami, Lunar Object No, 325, PL 25, 37, 88 82 

lo, Satellite of Jupiter, PL 7 10 

IiUDUii Sinus, in Moon, R, PL 24, 84, 85, 87, 38 88 

iBRBGULARLY Variable Stars 68 

IsiDORUS, Lunar Object No. 58, PL 26, 29 80 

Jacobi, Lunar Object No. 127, PL 26 80 

Jansen, Lunar Object No. 168, PL 23, 28 81 

Janssbn, Lunar Object No. 46, PL 26, 28, 29... 30 
Julius CiESAB, Luuar Object No. 231, PL 23, 

31 25, 81 

Juno, diameter of 8 

Jupiter, Dimensions of, PI. 6.... 7 

Jupiter, Drawings of, PI. 9 12 

Jupiter, First Satellite, Drawings of, PI. 9 ... 13 

Jupiter, How to find 44 

J UPITBR, Index to ..44, 45 

J UPITBR IN Opposition 38 

Jupiter, Orbit of, PI, 4 6 

Jupiter, Rotation Period of. 7 

Jupiter, Satellites of, PL 7 10, 11 
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Longitude. — If a great circle perpendicular to 
the Ecliptic be drawn through any celestial 
body, its longitude is the angle from the 
vernal equinox measured towards the east 
to the foot of the perpendicular. 

Longitude of Perihelion, PI. 3. 

Longomontanus, Lunar Object No. 294, PI. 25, 


33,34 32 

Lowell Observatory, Map of Mars, PL 8 12 

Lubbock, Lunar Object No. 30, PL 26, 28 30 

Lubiniezky, Lunar Object No. 343, PL 25, 34... 32 

LUNiE IjAOUS, on Mars, PI. 8 12 

Lunar Objects 2S 


Lunation. — T he period from one new Moon to 
to the next. 29‘5305879 days. 

Lupus, PI. 68. 72. 

Lynx, PI. 54. 

Lyra, PI. 57, 71. 

Lyra, Annular Nebula, PL 57, 78 61, 80 

LYRiB a, or Vega, PL 57 79 

LYRiE €, a Double-double Star, PL 57 79 

LYRiE jS, regularly Variable Star, PI. 57 53 

Lyile, R., Variable Star, PL 57 53 

Lyrid Meteor Shower 55 

Maclaurin, Tamar Object No. 4, PI. 26 30 

Maclear, Lunar Object No. 229, PI. 23, 30...... 31 

Macrobius, Lunar Object No. 166, PI. 23, 23 ... 31 

Madler, Lunar Object No. 59, PI. 26, 30.. 30 

Magelhaens, Lunar Object No. 33, PI. 26 30 

Maginus, Lunar Object No. 296, PI. 25, 32, 33 32 

Maia, in Pleiades, PL SO 62 

Main, Lunar Object No. 200, PI. 23 31 

Mairan, Lunar Object No. 427, PL 24, 35, 36... 32 
Malus, pi. 60, 66. 

Manilius, Lunar Object No. 240, PI. 23, 31 ... 31 

Manners, Lunar Object No. 249, PI. 23 31 

Mannings, Lunar Object No. 54, PL 26, 29 30 

Maraldi, Lunar Object No. 160, PL 23, 29 ... 31 
Marco Polo, Lunar Object No. 398. PL 24 ... 32 
Mare AusteaLE, C, in Moon, PL 26, 27, 23 ... 33 

Mare Chronium, on Mara, PI. 8 12 

Mare CiMMERruM, on Mars, PL 8 12 

Mare Ceisium, A, in Moon, PL 23, 27, 28, 29, 

80, 81 33 

Mare Erythr^um, on Mans, PI. 8 12 

Mare PiEOUXDiTATis, in Moon, B, PI. 26, 

27-81 33 

Mare Prigoris, K, in Moon, PL 23, 31, 36, 38... 33 


. PAUK. 

Mare Humboldtianuji, in Moon, D, PI. 23, 27, 

28, 29, 30 33 

Mare Humorum, in Moon, T, PL 25, 35, 36, 37, 

38 33 

Mare Icarium, on Mars, PI. 8 ..., 12 

Mare Imbrium, in Moon, L, PL 24, 32>3S 33 

Mare Nectaris, in Moon, F., PL 26, 29, 30, 31 . 33 
Mare Nubium, hi Moon, Q, PI. 25, 33, 31, 35, 

36, 37 33 

Mare Serenitatis, in Moon, J, PL 20, 23, 30, 

31, 32 .25 33 

Mare Sibenum, on Mars, PI. 8 12 

Mare Smythii, in Moon, Y, PI. 23, 27 33 

Mare Tranquillitatis, in Moon, E, PI. 23, 29, 

30,31 33 

Mare Tyrrhenium, on Mars, PL 8 12 

Mare Vaporum, in Moon, M, PL 23, 31 33 

Margaritifeii Sinus, on Mars, PI. 8 12 

Marinus, Lunar Object No. 18, PI. 26 30 

Marius, Lunar Object No. 390, PI. 24, 36 32 

Mars, Chart of, PL 8 11 

Mars, Dimeii.sions, &c., PL 5 7 

Mars, How to find 42 

Mars, Index to 42, 43 

Mars in Opposition 38 

Mars, Orbit of, PI. 3, 4 5 

Mars, Periodic time of, PI. 2. 

Mars> Phases of, Pi; 6 8 

Mars, Satellites of, PL 7 10 

Maskelynb, Lunar Object No. 157, PI. 23 31 

MASON,;Lunar Object No. 213, PL 28 31 

Masses of Stars compared with Sun 68 

Maupertuis, Lunar Object No; 42-1, PI. 24 32 

Maurolycus, Lunar Object No, 121, PI. 26, 30, 

31 30 

Maury, Lunar Object No. 223, PI. 23 31 

McClure, Lunar Object No. 37, PL 26 30 

Mean Distance of a Planet 5 

Medii Sinus, in Moon, P, PI. 24, 32, 33, 84 33 

Medusa, PI 4 6 

Menelaus, Lunar Object No. 234, PL 23, 31 ... 31 

Mensa, PL70. 

Mercator, Lunar Object No. 339, PI . 25, 34 32 

Merourius, Lunar Object No. 180, PI. 23, 27, 28 31 

Mercury, Dimensions of, PI. 5 7 

Mercury, Orbit of, PL 3 5 

Mercury, Periodic time of, PI. 2. 

Mercury, when to be seen, 88, 39 

Meridian. — A t any place the Celestial Meridian 
is the great circle through the Poles and the 
Zenith: 
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Meridian (Central).— M eans in this Atlas the 
line joining the North point to the South 
point on the monthly maps. 

Mbropb, in Pleiades, PI: 80 62 

Mersbnius, Lunar Object No. 850, PI. 25, 36. 37 62 
Messala, Lunar Object No. 175, PL 23, 27, 28 31 
Messier, Lunar Object No. 29, PI. 26, 2S, 29 ... 30 

Mbtius, Lunar Object No. 44, PI. 26, 23, 29 30 

Mbton, Lunar Object No. 197, PI. 23, 30 31 

Mioromrtbu — A ll instrument for the measure- 
ment of small quantities. | 

Mioroscopium, PI: 69, I 

Miuchius, Lujiar Object No. 379, PL 24, 35 32 

Miller, Lunar Object No. 134, PL 26 30 

Milky Way, Photograph around Cluster M. 11, 

PL 81 62 

Mimas, Satellite of Saturn, PL 7 11 

Moiono, Lunar Object No. 195, PL 23 31 

Monocbros,P1. 59, 60: 

Monocerotis, 11, a Triple Star, PL 59 74 

Monthly Maps op Stars, PL 39-50 36 

Moon, Eiger's drawings of, PL 23-3S. 

Moon, Key Map of Objects, PL 27-33. 

Moon, List of Lunar Objects 30-38 

Moon, List of Momitain Uatues 33 

Moon, List of Seas in 33 

Moon, Mountains near limb of 33 

Moon, Orbit of, PL 7 10 

Moon, Photographs of, PL 20, 21, 22 25 

Moon, Plates of, at dilferetit PhaHes. PL 27-33. 

Moon, Sectional Cliarts of, PL 23-28. 

Moon, 'P aijle for tlmling Place with Age 27 

Moon's Phases and Kolipsbs, PI. 14 17 

Moubtub, Lunar Olyect No, 8)0, PL 25, 82, 83... 32 
Moims L.vous, lu Moon, P , 28,21,80, 83....,..., 33 
liliisTiNO, Lunar Object No, 261, PI. 25, 82, 83 ... 81 
Musoa, PL 67, 70. 

MUTUS, Lunar Object No 63, PL 23, 20 80 


Nadir.— The point of the celestial sphere be- 
neath our feet to wliioh a plummet points* 


Nabireddin, Luunr Object No. 2S7, PL 26 31 

Neandbr, Lunar Object No. 43, PI, 26, 23 80 

Neap Tide, Cause of, PL 3 3 


Nbarohus, Lunar Object No. 50, PL 26..,,. SO 

Nbbolauum Palus, la Moon, X, PL 23, 81, 32 83 
Nbotarib Mare, in Moon, F, Pi. 26, 29, 80, 81 83 


Neper, Lunar Object No# 1S9, PL 28, 27 ......... 81 

Neptune, DlTnensions of, PL 5 7 

Neptune, Orbit of, PL 4 6 
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Neptune, Satellite of, PL 7 11 

Newcomb, Lunar Object No. 226, PL 23 81 

Newton, Lunar Object No. 802, PL 25, 34 32 

New Moon, Plate 7. 

New Stars 04 

Nicolai, Lunar Object No. 69, PL 26 80 

Nicollet, Lunar Object No. 344, PI. 25, 83 ... 32 
Node.— A point in which an Orbit intersects 
the plane to which it is referred. 

Nonius, Lunar Object No. 117, PL 26 30 

Norma, Pi. 68. 

Norm-®, Nova 1893, PL 68 64 

Nubium Mare, in Moon, Q, PL 25, 33, 34, 35, 
86,37 36 


Nutation.— A small oscillation lu the direction 
of the Barth’s axis, due to the fact that the 
forces producing precession do not act uni- 
formly. 


Obbron, Satellite of Uranus, PL 7 11 

Oblate.— Applied to a globular body flattened 
at the poles, like the Earth. 

Obliquity of the BoLimo.— The iuollnatlou of 
the Bcliptic to the Equator. 

Observatory, Companion to tiie (quoted) 67 

OoouLTATlON.— Applied to the passage of the 
Moon over a star, or of Jupiter over one of 
his satellites. 

OCBANUS PROOELLARUM, lu MOOU, 8, Pi, 21, 86, 

36,37,88 88 

OCTANS, PL 70. 

(EsoriDBS, Lunar Object No, 486, PI 21 82 

CEubtbd, Luunr Object No. 138, PL 23 81 

Okbv, Lunar Object No. 20, PL 26 80 

Olbeus, Lunar Object No. 898, PL 24, 8S 82 


Ophiuohi, Nova 1843, PL 62 54 

Ophiuohub, Pi. 62, 68, 71, 72- 

OrroLEER, Work ou Edlpees 18 


Opposition— a Planet li in opposition to the 
Sun when Ita longitude differs f^oin that of 
the Sun by 1K»®. Symbol lor ©ppodtlon... 6 
Orbit,— The traok pursued by a planet round 
the Sun, or by a Bateliit* round Ue primary 
planet, 

Oboub (Canal), on Mars, PL 8 12 

Oriani, Lunar Object No PL 28 81 

Orion, PL 69, 71, 72. 

I Orion, Great Nebula in, PL 78 59 

ORIONW, a, or Betbweux, % 59, 7Wable..,54, 74 
Oaionib, 0 f Multiple 78 
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Oeionis, Triple Star, PI, 59 73 

OiuoNis, <T, Multiple Star, 73 

OuoNTIUS, Lunar Object No. 288, Pi. 25 31 

PAUmcH, Lunar Object No. 9, PI. 26 30 

Pallas, Lunar Object No. 37'5, PL 24, 32 32 

Pallas, inmor Planet, diameter of 8 

Palos Nebulaeum, iu Moon, X, PL 23, 31, 32 33 

Palus PUTREDINIS, iu Moou, Z, PI. 23, 32 33 

Palos Somnii, iu Moon, V, PI. 23, 28, 29 33 

Parallax. — The differeuce in direction between 
the x^ositions of a heavenly body a.s seen 

Irom two different points, PI. 1 2 

Parallels. — Circles parallel to tlie Equator, 
having one of the Poles as centre. 

Parrot, Lunar Object No. 108, Iff. 26 30 

Parry, Lunar Object No. 271, PI. 25, 33 31 


Paths of Spots across the Sun’s Disc, Iff. 13 16 
Pavo, PL as, 69, 70, 72. 

Pavonis, w, regularly VariaVde Star, PI. 69, 70 53 
Pegasus, PI. 62, 57, 58, 63. 71, 72. 

Peirce, Lunar Object No. 158, PL 23, 27, 28, 29 31 


Pentlant), Ijuiiar Object No. 131, PL 26 30 

Percy, Mts., in Moou, n, PL 25 33 

Perihelion of a Planetary Orbit 6 

Periodic TiMe in a Planetary Orbit 2 

Peuuine's Comet, 1902, III., PL 19 23 

Pehsbi, iS, or Algol, regularly Variable Star, 

Iff. 53 51. 72 

Persei, 9* a Triple Star, PL 53 72 

Persei, p, Variable Star, Pi. 53....... 54 

Persei, Nova 1887, PL 53 54 

Persei, Noya 1901, PL 5:L. 64 

Persei, Nova 1901, Photographs of Star and 

surrounding Nebuln, PL 82 63 

Pkilseids, Orbit of, PL 3 6 

pKUSEiDS, Meteor Shower .3, 55 

Perseus, .PJ. 52, 53, 7L 

Perseus, (Jreat Clusters in, PI. 52, 53 ; 71 


Pkrtuubation.—A diHturbance in the orbit of a 
heavenly body caused by some other attrac- 
tion bu.sides that which chieffy controls the 
motion. 

Petavius, Lunar 01)ject No. 7, Iff. 26, 27, 28, 29 30 


Peters, Lunar Object No. 196, Iff. 23 31 

Phases of the Muon, PL 14 17 

Phases uf the Planets, PL 6 8 

pHiLLirs, Lunar Object No. 13, Iff. 26 30 
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Philol“aus, Lunar Object No. 420, PL 24, 34, 

35, 36 32 

Phobos, Satellite of Mars, PL 7 10 

Phocylides, Lunar Object No. 321, PL 25, 36, 

37, 38 32 

Phoebe, Satellite of Saturn 11 

Phcenix, PL 64, 65, 72. 

PiAZZi, Lunar Object No. 829, PL 25, 37, 38 ... 32 
Picard, Lunar Object No. 152, PL 23, 27, 28, 29 31 
PiCCOLOMiNl, Lunar Object No. 63, PL 26, 29, 30 30 
Pickering, W. li., Pliotograxdiof Solar Corona, 


PI 16 19 

Pico, Lunar Mountain, 2 , PL 24, 33, 34, 35 33 

Pictet, Lunar Object No. 289, PL 25 32 

Pictor, PL 65, 66. 

PiNGRE, Lunar Object No. 319, PL 25 32 

Pisces, PI. 52, 58, 63, 71, 72 3 

Piscis Australis, I^L 64, 69, 72. 

Pisctum, 36, Double Star, PL' 58, 63 70 

PisciUM, a, Double Star, PL 58 71 

PiTATUS, Lunar Object No. 280, PI. 25, 33 -31 

PiTiscus, Lunar Object No. 52, PL 26, 29 30 

PiTON, Lunar Mountains, r, PL 24, 34, 35 33 

Plana, Lunar Object No. 214, PI. 23, 29 31 

Planet, Naming an unknown 48 

Planets, Imier, PL 3 4 

Planets, Comparative Sizes of, Id. 5 7 

Planet, Mean Distance of a 5 

Planetary Phenomena 38 

Planets, Symbols for the 5 

Plato, Lunar Object No. 413, PI. 21, 32, 33, 

34.35 29,32 

•|Playfair, Lunar Object No. ICO, PL 26, 31 ... 30 

• Pleiades, Photographs , of Stars and NebiiltB, 


PI. 79-80 
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Pleiades, PL 53, 58, 71, 72, 79, 8 ) 72 

Plinius, Lunar Object No. 227, PI. 23 31. 31... 31 

Plutarch, Lunar Object No. 164, PL 23 31 

Poisson, Lunar Object No. 96, PI, 26 30 

Polar Axis, PL 1 1 

Pole St.ar, as a Double Star, PL 51 70 

Polybius, Lunar Object No. 92, PI. 26 30 

Pons, Lunar Object No. 93, PL 26, 30 30 

Pontanus, Lunar Object No. 91, PL 26 30 

Pontkcoulant, Lunar OlijectNo.22, PL 26, 27, 

28 30 


Posidonius, Lunar Object No. 218, Iff. 23, 29, 


30 31 

Position Ancle of the Sun’s axis 16 

PRiESEBE Cancri— a Cluster, PL 54, 60 75 
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Precession in Declination, Table of f»7 

Precession in R. A,, Table of 57 


Precession on the EtiUiNoxES.— -An alteration 
ill the position of the Kquinoxes, tine to a 
continuous revolution of the polo of tlio 
Equator rouinl the pole of the Efiliptio, in 

about 26,000 years 56 

Prime Vertical, PI. 1. 

Procellauum Ocean us, in Moon, S, PI. 24. 35, 


36, 37, 38 33 

Procuis, Lunar Object No. 156, PI. 23, 28, 29 31 

Prominences on the Sun, PI. 12 15 

Promontory, Larlack. in Moon, u, PI. 24, 34, 

35,36,37 ‘^3 

PTOLKM^:US, Lunar Object No. 264, PI. 25, 32, 33 31 
PURPis, PI. 59, 60, 66. 

PuiMTS lio ruf^Milarly Variable Star, PI. 66 53 

PtJRpJS V, Variable Star, PI. 66 53 

PuRRACH, Lunar Obje.rt No. 277 PI. 25, 32 31 

PUTRBRINIB PalUs, Z, in Moou, PI. 23, 32 33 

Pyrenees, in Moon, y, PI. 26, 28, 2J, 30 ......... iW 

rYRii'llLK(»BTHON, ou Mars. PI. 8 12 


Pythagoras, Lunar Object No, 432, PI. 24, 37, 


PvTHKAS, Lunar Object No. 403, PI, 24, 33, 32 


Quadrature.— T he iiosition of a heavenly hotly 
'When 90^' Irom the Sun. 5 


Rabbi Levi, Lunar Ohject No. 60, PL 26, 30... 30 
Radiant Point*— -The point ou the heavens from 
which the Shooting; Stum, in a shower of 
such bodies, appear to diverge, 

Rambaut, Dr, Arthur A. Sre Preftice, 

Ramsdkn, Lunar Object No, 355, PI. 25, 34, 36 32 


Reaumur, Lunar Object No, 115, IM. 2U ......... 30 

Red Spot on J upiter, Pi . 0 12 

Rser ACTION. —T ile bending of a ray of light on 
passing from one uietUum into another 2 

Refractions, Table of 2 

Rbgiomontands, Lunar Object No, 278, PI. 25, 

82 31 

Regularly VARtABLR Stake 61 

Beickbnbach, Lunar Object No. 41, PI. 26, 28 30 
Eeinkr, Lunar Object No. 389, PL 24, 88 ...... 32 

RbinhoU), Lunar Object No, 877, PL 24, 33, 84, 

86 32 

Repbold. Lunar Object No. 489, Pi. 24, 88 83 

Rbtioulum, PL 66, 70*. 
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Retrog HADE— applied to the motion of a planet 
or satellite wlieii it is in the direction oppo- 
site to the general direction of motion. 
rvH.ETicus, Lunar Object No. 114, PL 26, 31 ... 30 

Rhea, Satellite of Saturn, PI. 7 11 

Rhbita, Lunar Object No. 42, PI. 26 30 

UiccioLr, Lunar Olyect No. 365, PL 25, 38 32 

Riccius, Lunar Object No. 65, PL 26, 30 80 

PTcmT Ascension 1 

Rirhaun Mountains, in Moon, t, PI, 25, 35 ... 83 
UrrcHKY, G. VV., J’hotograph of prominences, 

PL 12 15 

lliivnEY, G. \V., Photographs of the Moon, 

PL 20, 21, 22 25 

UiTcniBY, (L W., Photograph of Orion Nebula, 

PL 73 59 

lliTcriEY, G* W., Photograph ot Andromeda 

Nebula, PL 74 59 

UmiHKY. G. W., Nova Persei NubuliL, PL 82 ... 68 

UlTWR, Lunar Object No. 246, PI. 23, SO 31 

IloBERTB, Isaac, Photograph of NebitUe (u 

Plulndes, PL 79 02 

lloniNsoN, Lunar Object No. 436. PI. 24 82 

UotiCA, Lunar Object No. 862, PL 25. 87, 88 82 

Uo.MKU| Lunar Object No. 221, PL 23 31 

Rook Mountains, Lunar Object 88 

Uoius Sinus, in Moon, W, PL 24, 87, 83 33 

Rohknrkrgku, Luuur Object No. 49, PL 28, 28, 

29 30 

UcHH, Lunar Object No. 228, PU 23, 30 81 

UosHB, Lunar Object No. 61, PI. 26 8U 

Host, Lunar Object No* 815, PL 25, 84, 86 32 

, 

Bablnb, Lunar Object No. 247, PL 28, 80 .,*... 81 
Hacrobosuo, Lunar Object No. 60, PL 26, 80... 80 
Baoitta, PL 62, 68. 

Baoitt^, S, Variable Star, PL 62 63 

BAUiTrARU, X 8, regularly variable Btar, PL 6S 58 
Bagittauil W vl regularly Variable Star, PI* 

68,69 63 

BAGimutt, Nova 1898, PL 62 64 

Sagittarh, Y, Variable Star PL 62 53 

Bagittakius, PL 62. 68, 60, 72. 

Sagittarius, Nebula M. 17 iu. PL 62 79 

Bagittarius, Oluiter M, 8 in, PL 62, 69 79 

Bantbboh, Lunar Object No. 86, PL 26, 28, 29 80 

Baros, Tha Kollpie Cyolt... 18 

Babskhidm, Lunar Object No. 284, PL 25, ^*.. 81 

Satblutm, SyitamB of, FI. 7 10 

Batuan, Dueription of Orbit oft PI. 4 6 
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PAOrt, 

Saturn, Description of, PL 10 13 

Saturn, Dimensions of Rings, PI. 6 7 

Saturn, Drawing of, PL 10 13 

Saturn in Opposition, to 1950 38 

Saturn, Iiules to 46, 47 

Saturn, Orbit of, PL 4. 

Saturn, Phases of Rings, PL 6 9, 38 

Saturn, Satellites of, PL 7 11 

SaussURB, Lunar Object No, 291), PI , 2.5, 32, 33 25, 32 
SCHBINBR, Lunar Object No. 313, PL 25, 34, 35 32 
SoHLv.PAUBi.Li, Inuiar Object No. 450, PL 24 .. 33 

ScHiOKAUi), Limar Object No. 323, PL 25, 36, 

37,38 - 32 

ScHiLLBU, Lunar Object NTo. 317, PL 25, 35, 36 32 
ScHOMBKUGER, Luimr Object No. 27, PL 26, 29 30 
ScHUOTKU, Lnunr Object No. 374. PI. 24, 32 ... 32 

ScHUBBHT, Lunar Object No. 135, PL 23 3) 

ScHUMAOHBU, Luiiai* Object No. 178, PL 23...... 31 

Schuster, A., Photograph of Solar Corouu, 

PL 16 19 

Sohwabe, Lunar Oljject No. 149, PI. 23 31 

ScoRESBY, Lunar Object No. 202, PI. 23, 30...... 31 

Sooiiwi, T, Nova (1860)j PI. 61, 62. 68 54 

SoORPiij 01’ Antaubs, pi. 68 78 

SooRPn, fi, Spectroscopic Binary , 7,9 

•Scorpio, PL 61, 62, 68, 72. 

Sculptor, PL 58, 64. 

SoUTi, R., Vaii bleStar, PL 62 54 

Sbasonb, Cause of, PL 2 1 

Skoohi, Lunar Object No, 156, PL 23, 23 31 

Sboneb, Lunar Object No. 311, PL 25, 35 - 32 

Sklbuous, Lunar Object No. 397, Pi- 24, 87 , 33 32 

Sbnboa, Lunar Object No, 105, PL 23 31 

Sbbenixatis Marb, in Moon, J, PL 23, 30, 31, 

32 83 

Sebpbns, pi. 66, 61, 62, 71 , 72. 

Sbubbntarh, Nova 1604, PI. 62 64 

Sextans, PL 60. 

Sharp, Luiuvr Object No. 426, PL 24, 36, 85 82 

Short, Lunar Object No. 801, PL 26 32 

Short Period Variables 52, 53 

Shuoicqough, Lunar Object No. 184, PL 23 ... 31 

Sidebbal Day 35 

SiLBEUSOHLAO, Lunar Object No. 252, PL 23 ... 31 

SIMPBLIUS, Lunar Object No. 133, PI. 26 30 

Sinus .fflsTUU.M, in Moon, N, PL 24, 32, 38, 34,.. 33 
Sinus Iridum, in Moon, 11, PL 24, 34, 85, 37, 38 33 
Sinus Iridum Highlands, in Moon, e, PI. 24, 35, 

80,87 33 

Sinus Mnpii, in Moon, P, PL 24,32, 83.... 33 
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Sinus Roris, in Moon, W, PL 24, 37, 33 33 

SiRBNius Lacus, on Mars, PI. 8 12 

Siiu us, Binary Star 74 

Sms ALIS, Lunar Object No. 358, PL 25 32 

Smyth, Piazzi. Lunar Object No. 412, PL 24 ... 32 

Smythii Mare, in Moon, Y, PI. 23, 27 33 

Smyth’s Celestial Cycle 67 

Snbllius, Lunar Object No. 16, PL 26, 28 30 

Solar Corona, Description of, PL 16 18 

Solar Phenomena, Corona and Prominences, 

PL 12, 15 15, 18 

Solis Laous, on Mars, PL 8 12 

Solstices. — T lie points of the Ecliptic attained 
by the Sun at Midsuiiiiuer and Midwinter, 

PL 1 1 

SoMMBRiNQ, Lunar Object No. 373, PL 24, 32 .. 32 

SoMNii Palus, in Moon, V, PL 23,28 33 

SOMKIORUM Lacus, in Moon, Gr, PL 23, 29, 3), 31 33 

Sosigenes, Lunar Obj ect No. 230, PL 23 25 

South, Lunar Object No. 433, PI. 24 32 

Stbotroscoty 69 

Spbctroscopio Binaries 69 

Sphere, Circles of the, PL 1. 

Sphere oi’THB Heavens 1 

Spring Th?e, PL 2^..: 3 

StaUius', Xuhar Olject No. 381, PI. 24, 33 32 

Star Mads, PL 51-72. 

Star Mats, Description of 49-58 

Star Maps, correction lor Precession 68 

Stars, Variable, Lists of 51-54 

Stbinhbil, Lunar Object No. 47, PL 26 30 

SiBViNUB, Lunar Object No. 15, PL 26, 23 30 

Stiborius, Lunar Object No. 64, PL 26, 29, 30... 30 

Stopler, Lunar Object No. 119, PL 26, 31 30 

Strabo, Lunar Object No. 190, PL 23.. 31 

Stuaight Range, Lunar MountaiiiR, m, PL 24 33 
Straight Wall, Lunar Object No. 275. PI. 25, 

33 31 

Street, Lunar Object No. 295, PL 25 32 

Struve, Lunar Object No. 179 31 

Struve, Otto, Lunar Object No. 446, PL 24, 38 S3 
SulpioiusGallus, Lunar Object No. 235, PI. 23, 

31 31 

Summer Solstice, PL 2 1 

Sun, Corona of, PL 16 IS 

Sun, Eolip.se of, PL 14 17 

Sun, Node of Solar Equator, PL 3- 

SUN, Paths of Spots across face, PL 13 16 

Sun, Paths of Total Eclipses, PI, 15 18 

Sun, Photograph of Sun Spot, PL 11 15 

Sun, P rominences siirrouudiug, PI. 12 15 
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Sun Spot, Pliotograpli of, PL 11 15 

Syutis Minor, on Mars, PL 8 12 

Syrtis Major, on Mur.s, PL 8 12 


Tacitus, Luiuu' Object No. 82, ,PL 28, 30 80 

Tannekus, Lunar Object No. 145, 1*1, 20 81 

Taquet, Luiku* Object No. 233, PI. 23, 31 31 

Tahuntius, Lunar Object No, 154, PL 23, 2B,’ 

29 31 

Taitri, a, or AldebaraN, PL 59 73 

Tauri, X, Algol Variable, PI. 58, 59 52 

Taurus, bvinar Mountains, k, PL 29, 30, 31 ... 33 

Taurus, PL 53, 5S, 59, 71, 72. 

Taurus, Nebula, XL 1 in, PL 53, 59 73 

Taylor, Ltiuar Object No. 76, PL 2G 80 

Telescoimum', PL 08, 69. 

Temporary Stars 54 

Tenkuipfe Range, Tiunar M.ountain.<», I, PI. 24 83 

Terminator op XIoon 2S 

Tettiys, Batollite ol' Saturn, PL 7 11 

^biALES, Lunar Object No. 191, PL 23 81 

TIIK/RTETOS, Lunar Object No. 257, 23, 31,32... 81 
'pH KBIT, Lunar Object No. 274, PI. 25, 82, 33... 81 

Theon, jun., lainar Object No. 75, PL 26 80 

Tiieon, sen., laumr Object No. 74, PL 2t> 80 

TiiBOium us, lABiarObjact No. 79, PL 26,30... 80 

Tides, PI. 2 3 

TimasUS, Lninir Olgecl No. 414, PL 21, 32 32 

Timk, Standaial, PL H3 82 

TiMocflAUis, Linmr Oltjcct No. 401, IT. 24, 83 

34,35 82 

TimolkoK, Lunar Object No, 147, PL 23 81 

Titan, Sateilito of Sjiiuni, PL 7 11 
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